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PREFACE 


In this treatise on radiant heating, radiant cooling and snow 
melting, the author has endeavored to present the results of over 
thirty years’ experience in practically every known phase of this 
important development both in Europe and in the United States. 
This book has been published in the hope that it will prove help¬ 
ful both to students interested in the basic principles and also 
to the engineers who will continue the work of establishing new 
or improved heating and cooling systems for promoting the 
health and comfort of the human race. 

The author has refrained from suggesting certain “short cuts” 
in designing procedure, because some of these have been respon¬ 
sible for too many failures in the past. In fact, this unfortunate 
method of approach has impaired the effectiveness of some of the 
more recent installations in this country. 

In explaining designing procedure, higher mathematics and 
complex formulae have been avoided and results of extensive 
experience and research reduced as far as possible dowm to 
simplified calculations. 

Heat is so illusive and the materials used in the construction of 
our buildings have so many variables, that the heating engineer 
is often perplexed as to what coefficients and factors to use. No 
two buildings are alike in their behavior, even though they are 
built from the same plans. The materials used in the construc¬ 
tion seem to have different conductivities and emissive factors, 
although obtained from the same source. Local conditions often 
make a considerable difference in the heat loss from one building 
as compared with another, even though the outside air tempera¬ 
ture may be the same. The air above some localities is much 
clearer than in others and this will affect the radiation loss from, 
or radiation to, a building. The contour of the surrounding land, 
buildings and trees will affect air currents, which greatly in¬ 
fluences the heat loss from a building. These varying conditions 
indicate why the heating engineer is sometimes puzzled as to the 
true facts about heating and cooling. 

In this treatise, it has not been the intention to imply that 
radiant heating alone is the only correct method of heating, or 
that the calculations of heat losses are any more accurate than for 



other methods of heating. It seems to be well established, how¬ 
ever, that unless we take into consideration and make allowances 
for the major portion of the heat losses from the human body, 
which is by radiation, we will fail in our efforts to provide the 
best conditions for comfort and health. During more than thirty 
years with this interesting subject of radiant heat, we have 
overcome many obstacles and have encountered some failures, 
but this is the usual road of progress. When expressing the 
possibilities of failures in any method, material or control, the 
author has done so with a view of offering a word of caution. 
Providing proper care is taken when designing and installing a 
system, there need be no fear of failure or disappointment. 

This is a wide and interesting field, because with the rapid 
progress we are now making in science and industry, we may 
expect to find presented to us at no distant date new material for 
providing more efficient panels and new building materials which 
will eliminate in future buildings much of the present heat loss. 
Our homes and offices will then require minimum heat and 
minimum cooling for a maximum degree of human comfort. 

The author is indebted to Mr. Clement H. Wells, President of 
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treatise, as well as for making available the company's laboratory 

facilities for determining certain basic data forming parts of 
this book. 


Appreciation is due to Mr. Milton Hilmer, of the author’s staff, 
for his painstaking checking of calculations, drawings, and proofs. 

The author also wishes to acknowledge the valuable assistance 
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TERMS COMMONLY USED IN HEATING 


Heat is a form of energy which pervades every known sub¬ 
stance. As far as is generally known, it is an internal motion 
of molecules capable of being communicated from the molecules 
of one body to those of another. The result of this imparted 
motion is either a change in temperature or the performance of 
work. Heat can be converted into energy or energy into heat. 
Heat is a quantity strictly capable of measurement. 

The unit measure of heat commonly used by engineers is the 
Btu (British Thermal Unit) and is the amount of heat required 
to raise one pound of water one degree Fahrenheit. 

Latent Heat: Latent heat is the amount of heat required to 
change the state of a liquid into a vapor without any change in 
pressure or temperature. For instance, it takes. 180 Btu to raise 
one pound of water from 32®F to 212®F, but it takes 970 Btu 
to change the state of one pound of water at 212®F into steam at 
212®F under atmospheric pressure. This 970 Btu is the latent 
heat of vaporization and is recoverable when the steam is con¬ 
densed back to water again. 

The latent heat of fusion of a substance is the quantity of 
heat required to convert it from the solid state into the liquid 
state, with no change of temperature or pressure. The same 
quantity of heat is taken from the liquid when it is changed from 
its liquid state into the solid. To convert one pound of ice at 
32®F into water at 32®P requires 143.6 Btu. 

Specific Heat: The specific heat of any substance is the quantity 
of heat (measured in Btu's) required to raise one pound of the 
substance through 1®F. 

Heat Transfer: Heat is transferred in three ways: by convection, 
conduction, and radiation. 

Convection: Convection is the transfer of heat caused by the 
actual flow movement of a fluid carrying the heat from one 
place to another. Examples: (a) Air passing over a heated sur¬ 
face is warmed and passes on, carrying with it the heat it has 
taken up from the heated surface, (b) Water surrounding a 
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steam coil becomes warmer as it absorbs heat from the coil, and 
moves away from the coi! carrying with it the heat stored up in 
the water. Upward currents of air or water are produced when 
the particles of air or water in contact with the heated surface 
expand and become lighter. This allows the colder and heavier 
particles to descend and move in, by virtue of their weight, and 
to replace the lighter particles, thereby creating convection 

currents. 

Conduction: Conduction of heat is the transferring of heat by 
direct contact of the molecules. The molecules of any substance 
are in constant vibration within that substance and the higher 
the temperature, the greater the speed of vibration. This means 
that when one part of a body is heated, the molecules in the 
heated portion are made to vibrate much faster. This increased 
speed within the heated part of the body is transmitted to the 
adjacent molecules, thereby increasing their speed and raising 
the temperature in the adjacent part of the body. This process 
continues throughout the whole mass until a state of equilibrium 
is established. The rate at which this extra molecular speed is 
transferred, or, in other words, the rate at which the heat travels 
along the substance, is termed its “rate of conduction.” 

The rate of conduction varies greatly for different materials. 
For example: If iron and copper bars of equal dimensions are 
heated at one end, the extreme end of the copper bar will become 
heated much more quickly than that of the iron, proving that 
the rate of conduction in copper is greater than that in iron. 
A good conductor readily takes up and transmits the vibratory 
motion from molecule to molecule, while a bad conductor trans¬ 
mits the motion with difficulty. 

The conductivity of a substance, in engineers’ terms, is the 
amount of heat in Btu’s passing per hour per square foot per inch 
thickness for 1®F temperature difference between the faces. See 
Tables 8 to 13. 

Radiation: This is a word very often misused in heating. Cor¬ 
rectly applied, the term “radiation” means the heat which is 
transferred by what are presumed to be ether waves. No heated 
body can give off useful radiant heat unless it is exposed, because 
radiant heat is emitted as waves of energy at right angles to the 
heated surface. If any part of the heated surface is opposite 
any other part of its surface, the radiant rays simply travel back¬ 
ward and forward and are never given off to other surrounding 
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objects. Radiations from a concealed or unit heater are, therefore, 
entirely lost, except for those rays which are absorbed by the 
housing of the heater and are given off to the air passing over 
the surface. With ordinary cast iron radiators installed on the 
side wall of a room, the amount of heat given off by radiation 
generally varies from 10% to 25% of the total heat emitted, 
depending on the construction, of the radiator. The most efficient 
radiator for giving radiant heat to a room is one with a rough, 
dull surface and with the whole surface directly exposed to the 
room. This may be either a flat or serrated surface panel. 

Humidity: This is a term relating to the amount of moisture 
held in suspension in air. Air is capable of holding a definite 
amount of moisture, depending upon its temperature, and the 
actual amount of moisture in air at any time is called its 
humidity. 

Since air can hold a definite amount of moisture according to 
its temperature, warm air can support more moisture than cold 
air. For instance, air at 70®F is capable of holding moisture up 
to 8.05 grains per cubic foot; at this stage it becomes saturated. 
If more moisture was added, it would deposit water and still 
maintain the standard state of saturation. If the temperature of 
this saturated air was reduced to, say, 60®F, then 2.255 grains 
from every cubic foot of air would be deposited because air at 
60®F can hold only 5.795 grains per cubic foot. If this air was 
raised again to 70®F, it would still contain only 6.795 grains of 
moisture per cubic foot; then the relation of the grains of mois¬ 
ture actually in the air to the grains of moisture which it holds 
when saturated is called its "relative humidity." In this case it 
would be approximately 72%. 

Relative Humidity: Relative humidity is, therefore, the relation 
of moisture in the air, at any temperature, to the amount of 
moisture held in suspension when saturated, at that same tem¬ 
perature. For example, if air at 75®F contains 6.2 grains of 
moisture per cubic foot and can hold 9.5 grains per cubic 

6.2 X 100 

foot at 76®F when saturated, we have - = 66.26% 

9.5 

relative humidity. 

For healthful conditions, it is generally considered good prac¬ 
tice to have about 50% to 65% relative humidity, although in 
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very cold weather there is a danger of deposit on the windows. 
This, however, can usually be overcome by using storm or double 
windows. 

Air Change: This refers to the number of times the air contents 
of a room or building is changed per hour. It may or may not 
be the same air which passes through the room in a given time, 
but if a room has a content of 2,000 cubic feet and the amount 
of fresh air admitted, either by natural infiltration or mechanical 
means, be 6,000 cubic feet per hour, then the room is said to 
have three air changes per hour. 

Breathing Line: This is an imaginary line at a definite level 
from the ground representing a horizontal plane where the 
majority of people breathe. As, in nearly all cases, people are 
sitting, this should be taken as four feet above the floor, although 
for special cases it may be assumed to be anywhere between two 
and six feet above the floor. 

Pressures: Pressures are generally based on a starting point 
with atmospheric pressure zero. This is called gauge pressure. 
Pressures below atmospheric pressure are called sub>atmospheric 
pressures, or a vacuum usually measured in inches of mercury. 

The pressure of the atmosphere at sea level is approximately 
14.7 pounds per square inch. Therefore, 14.7 pounds below zero 
on the gauge pressure is called “absolute zero pressure” and 
pressures based from this point are called “absolute pressures.” 

Temperatures: The temperature scale commonly used is the 
Fahrenheit scale, where 32®F records the freezing point of water 
and 212®F records the boiling point of water. On this scale the 
absolute zero temperature is —459.2°F. 

The Centigrade scale gives freezing point at 0°C and boiling 
100°C. The absolute zero temperature on this scale is —273°C. 

To convert any temperature on the Centigrade scale to an 
equivalent Fahrenheit temperature, use the following formula: 

9 X °C 5 X (°F —32) 

=-{.32 or ®C =- 

5 9 

Direct Radiators; The term “direct radiators” generally refers 
to radiators placed openly on the side wall of a room where they 
can give off their full radiation effect as, for instance, a cast iron 
radiator or coil not placed in any casing or other enclosure. 
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Indirect Radiators: Indirect radiators are generally heating units 
enclosed in any kind of casing. Here convection air currents are 
relied upon entirely to carry or convey heat to the room. They 
are sometimes called "convected heaters’' or “convectors.” 

Direct'lndirect Radiation: The term “direct-indirect radiation” 
refers more especially to radiators placed in a recess with one 
portion exposed to the room, so that it can give off some heat as 
“direct heat radiation,” but with a fresh air or other inlet at 
the back whereby a portion of heat is given off by convection 
currents. These air inlets are generally controlled by adjustable 
louvers or valves which regulate the amount of air passing 
through to the room. 

Recirculating Heaters: This refers to heaters where the air 
from the room or building is made to recirculate over the heating 
surface. This is often done during “heating-up” periods to attain 
the temperature more quickly, and also for the sake of economy. 
Sometimes such heaters are fitted with control dampers, whereby 
part of the air can be recirculated and part fresh air added; or, 
in some cases, it can be arranged to discontinue recirculating and 
admit all fresh air after the correct room temperature has been 
attained. 



CHAPTER 1 


DEVELOPMENT OF THE ART OF HEATING 


Heating is a term which has been applied to that part of 
physical science whereby heat is artificially applied to a room or 
building for the purpose of maintaining it at what is considered 
a comfortable temperature in which to live. 

The question of providing, by artificial means, the necessary 
heat to keep our bodies in comfort has undoubtedly occupied the 
minds of human beings all through the ages. In the beginning 
man relied on the thermal radiations from the sun, as do the 
animals. No doubt he was sheltered in caves and mud huts during 
very cold weather, clothing himself with the skins of animals 
which he killed and, in this way, preventing his body from losing 
too much heat. 

Then followed the discovery of making a fire, which was man’s 
first attempt at artificial heating. This, undoubtedly, was first 
performed in the open air, but later in caves or other enclosed 
places in which he lived and so provided it with artificial heat. 
The smoke and vitiated air had to find a way out as best they 
could and, probably, many at first were overcome and succumbed 
to the poisonous gases. Later, an opening was formed in the roof 
or side of the enclosure through which the smoke could escape. 
Then the idea evidently came to the minds of these primitive men 
to form a hood for collecting the smoke and, eventually, a chimney 
was formed for conveying the smoke and creating a draft which 
wou d draw away the smoke and gases. Our present open fire- 

p aces and chimneys are undoubtedly heirlooms coming down 
from these age-old methods. 

Roman Methods of Artificial Heating 

A much better idea for artificial heating came to the Romans 
who, more than 2,000 years ago, showed their prudence and 
ingenuity by building their hypocaust systems. Their method 
was to construct the floors of their buildings on a series of 

flWf 1 /”^ inches high, made with flat tiles 

about 1/2 in. thick and 8 in. square. 
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These piers were placed about two feet apart and the floor was 
supported by them just as concrete floors are supported by piers 
at the present time. The floor surfaces were usually covered with 
beautifully designed patterns of mosaic, and well preserved 
artifacts may be seen today at the Roman Baths, Bath, England, 
and at the Baths of Caracalla, Rome. The central fire was fed 
with charcoal to prevent accumulation of soot, and the hot gases 
travelled along the spaces formed under the floor until they were 
finally led to a flue formed in the wall, where they were conducted 
to the atmosphere (See Fig. 1). This photograph was taken at 
Bath, England, where the concrete floors with mosaic finish may 
today be seen in good condition. An excavation made a few years 
ago revealed the furnace, and on the walls may be seen the dis¬ 
coloration caused by the burning charcoal. There, also, are the 
actual remains of the charcoal fire which went out nearly 1,500 
years ago, when the Romans, after the fall of the Roman Empire, 
left England for their native soil. This ancient city is one of 
England’s health spas, where a continuous flow of mineral water 
is discharged from the earth at a temperature of 120®F both 
summer and winter. 



Fig. 1. Pilae of Hypocaust—-built in top of a filied-in eariler 
Roman Bath. This picture shows three periods of Roman work. 
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Fig. 2. A Roman bathing pool as it appears today. 
Note diving stone at far corner. 


Fig. 2 is a picture of the Great Bath as it may be seen today. 
In the days of the Roman occupation, the waters flowed into the 
Great Bath through a leaden duct, part of which still remains, 
and fell in a small cascade under the diving stone. This stone, 
worn thin by the feet of many Romans,'rests in its original 
position. 

It is of interest to note that radiant heating received its second 
advent within ten miles of these old Roman remains which still 
stand as a tangible evidence of past heating methods, for it was 
within ten miles of Bath that Prof. A. H. Barker developed 
his first designs for what is now known as “panel” radiant 
heating. It was there also that the author, while associated with 
Prof. Barker, spent several years on research work with radiant 
heating and, among other things, developed the floor method of 
heating used in the Liverpool Cathedral, described in Chapter 7. 
Fittingly enough, the warm air floor method used in the Cathedral 
was designated the “Romana" method of heating by G. N. Haden 
& Sons, the patentees. 

For several centuries after the Roman system, no progress of 
any consequence seems to have been made, with the exception of 
the development of the warm air furnace from which ducts were 
carried to convey the warm air from the outside casing of the 
furnace to the various rooms in the building. 
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James Watt, at a very early date, tried the method of obtaining 
heat from a polished metal box. This, however, was before Leslie 
discovered and explained the low emissive factor of a polished 
surface, and Watt gave up the idea in disappointment. 

Introduction of Hot Water and Steam for Heating 

The next step was to introduce the hot water boiler with a 
system of large pipes through which the hot water was carried. 
The pipes were either exposed or placed under or behind grilles 
to give off heat in the various rooms. The earliest recorded date 
of this method seems to be in 1790 when Sir John Stone installed 
a heating system of pipes in the Bank of England. Gradually the 
importance of aesthetic considerations became manifest, and 
radiators were subsequently introduced to take the place of pipes 
in the rooms. Steam was utilized and took its place with hot 
water as a medium for heating. Then came the demand, at the 
end of the 19th century, for accelerated circulations of hot water 
which would reduce the sizes of the pipes, and motor driven 
circulators and pumps were applied to heating. Early in the 
20th century came the smaller waterways in radiators to make 
the latter more compact. Later, concealed heaters were developed, 
although cast iron coils were used extensively in the last century 
for heating mansions and public buildings. 

Important Discovery Relating to Radiant Heating 

It was not until 1908 that radiant heating was introduced on 
a commercial basis. It was then discovered by Prof. Arthur H. 
Barker that small hot water pipes embedded in plaster or concrete 
gave good results and formed a very efficient heating system. 
Although many radiant heating systems were installed from that 
date, it was several years after its innovation that the theory 
underlying the principles of radiant heating was understood. 
For many years the art of heating a building was considered as 
being so simple that it did not require scientific study and 
probably for that reason technical developments in heating lagged 
for many years as compared with other arts. 



CHAPTER 2 

THEORY OF HEAT RADIATION 


Radiant heating may be defined broadly as heat derived from 
rays of energy which radiate either from the sun, a fire, or from 
some heated object. These rays are converted into heat when 
they impinge upon solid objects and they give the sensation of 
heat when they strike the human body. 

Radiant heating may be defined further, and also in a broad 
sense, as any method of raising the temperature of an object or 
of creating the sensation of heat by means of radiant energy 
waves from a source which is at a higher temperature than the 
receiving body. This definition includes radiant heat as obtained 
from such sources as the sun, infra-red lamps, portable electric 
or gas heaters, and so on. In this treatise, however, invisible 
infra-red rays only are considered and the term “radiant heat¬ 
ing” conforms to a somewhat more restricted definition which 
is as follows: 

Radiant heating is a method of maintaining a comfortable en¬ 
vironment in wholly or partly enclosed structures primarily by 
radiant energy waves from large areas of floors, walls, ceilings 
or metal panels, heated at temperatures which may vary between 
85 and 200 degrees F by means of pipes, ducts, or wires em¬ 
bedded in these surfaces for the passage of a heated fluid such 
as water, air or steam, or wires in the case of electricity. 

If we stand in front of a hot fire or outside in the sunshine, 
we become aware of the energy given out by the fire or sun by 
the sensation of heat set up in the nerves of the skin. Nothing 
apparently passes to us from the source in either case except 
rays. These rays are propagated in the form of waves proceed¬ 
ing in straight lines at the enormous speed of 186,000 miles per 
second the speed of light. These waves set up in the ether are 
really energy and on meeting the surface of a body where they 
can be absorbed, they cause the molecules of that body to vibrate 
faster. This raises its temperature and is the proof of the fact 
that energy has been converted into heat. This conversion of 
energy to heat, and vice versa, is known as the First Law of 
Thermodynamics. 
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Effect of Surface Condition 

Now when radiant heat energy rays from the sun are absorbed 
by a surface and converted into heat, thereby raising the tem¬ 
perature of the body, the condition of the surface plays an im¬ 
portant part in relation to the rise in temperature. For instance, 
a white smooth surface does not become so hot as one with a dull 
black surface, simply because many of the rays reaching the 
white smooth surface are reflected; whereas with the black sur¬ 
face, all the rays are absorbed and the temperature of this is, 
therefore, raised much higher. Here we have the reason why, 
in summer time, roofs and skylights of buildings are often 
painted white or lime-washed. For the same reason, people in 
very hot climates invariably wear white coverings instead of 
dark garments. The quicker heating-up of a body having a dull 
black surface to that of one having a polished white surface 
proves that a surface which readily absorbs heat, reflects heat 
badly, but a surface which does not absorb heat readily must be 
a good reflector. 

All bodies having a temperature above that of absolute zero 
emit rays, and the wave length of the ray depends on the tem¬ 
perature of the body surface. Every facet of the surface emits 
rays in straight lines at right angles to the facet. If the surface 
of concrete or rough plaster is examined under a microscope, it 
will be seen that the surface is covered with numerous facets, 
all giving off radiant energy. If, on the other hand, we examine 
polished steel or similar polished surfaces, we find no such facets. 
Hence the reason a rough surface is more efficient for emitting 
heat rays than a polished surface. 

To obtain a clearer idea of wave motion, imagine the effect of 
throwing a stone in a pool of water. Ripples spread out from the 
center and follow each other over the whole face of the water. 
Or, imagine a rope tied at one end to a wall, and with a sharp 
jerk given to the free end. In this case we see a wave or series 
of waves pass from one end of the rope to the other. The wave 
travels but the rope doesn't; neither does the water in the first 
example. These are merely tangible examples of wave motion, 
and the difference between this method of transportation and 
that of actual displacement of the molecules, such as we get when 
air or water is heated and moves bodily from one place to another, 
is obvious. 

We can see that heat carried by convection can travel only at 
the same rate as that of the fluid which carries it, and the course 
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of the heat depends entirely on that of the fluid, which in turn is 
subject to relative weights, pressure, and velocity, whereas radi¬ 
ant energy travels at a definite speed and direction, regardless 
of air currents and temperatures. It can be made to impinge 
upon any object desired by placing the emitting surface at the 
correct angle so as to throw the rays in the direction required. 

Sound and Light Analogies 

We are all familiar with the spectrum of colors in the rainbow 
as obtained when a narrow beam of light is passed through a 
glass prism. In the prismatic spectrum the seven colors appear 
in the same-definite order as in the rainbow—red, orange, yellow, 
green, blue, indigo, and violet. This range of colors constitutes 
what is commonly known as the visible part of the spectrum, be¬ 
cause the nerves of our eyes are sensitive only to wave lengths 
over this range. The wave lengths vary through this range of 
colors from 1/65,000 inch for the violet to 1/37,000 inch for the 
red. To realize the speed at which these wave vibrations take 
place, we have to imagine a figure like 600 trillion, for this is 
the number of vibrations per second made by the red rays, while 
the violet ray makes nearly double this number. 

In Fig. 3 the seven colors are indicated in one of the sections 
with the respective wave lengths shown. To enable this to be more 
readily understood, the author has introduced the keyboard of an 
ordinary piano as an analogy. It is common knowledge that as we 
go up the musical scale the higher notes result from shorter 
wave lengths and a correspondingly greater number of air vibra¬ 
tions than the lower notes. Between two corresponding notes, 
say between C' and C", we have an octave with the higher note 
having twice as many vibrations as, and half the wave length of, 
the lower note. So with ether waves; the range from red to violet 
we call an octave because the violet rays are approximately half 
the wave length and have twice the number of vibrations of the 
red rays. As we move up or down the musical keyboard we have 
shorter and longer sound waves, respectively, and our analogy 
holds good in all respects. 

That part of the spectrum keyboard above the violet contains 
rays we cannot see, simply because the nerves of our eyes are 
not sensitive to such short waves. This section is called the “ultra¬ 
violet” and contains chemically active rays, while the part below 
the red color contains rays too long for the human eye to see, 
and these are known as the “infra-red.” The whole range is 
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divided into octaves, in a similar manner to that of our musical 
keyboard, but with the difference that the usual musical key¬ 
board extends only four octaves above and three octaves below 
middle C' because our ear cannot easily distinguish musical notes 
of longer or shorter wave lengths outside these limits. Other vibra¬ 
tions do exist and it is possible to detect and measure these with 
suitable apparatus. With ether waves we have a much longer 
range and the infra-red portion has already been examined down 
to seven octaves where the wave length is in the region of 1/300 
inch long, as indicated in Fig. 3. In fact, with the exception of 
an unexplored gap, the investigation extends into the fifteenth 
octave and beyond, where we have ether vibrations known as 
electrical or magnetic waves with wave lengths 1/4 inch and up¬ 
ward. Thus, we have a whole series of ether waves from ultra¬ 
violet at one extreme, through the light producing range, into 
the infra-red or heat-giving rays, and extending to the electrical 
waves. The differences are apparent in the length of the wave 
but the properties of the waves vary considerably. 

If we take a piece of blackened metal and raise its temperature, 
we will have rays of energy given off at various temperatures, 
as indicated in Fig. 4. This shows that at a given temperature 
there is a comparatively wide range of rays given off, and it is 
the total of these rays which we obtain as radiant heat. As the 
metal is heated to a higher temperature, the wave lengths be¬ 
come shorter and shorter, while the energy becomes more intense 
until, finally, blue or violet light may be emitted. 

Pig. 6 shows the relative intensities of energy given off by the 
sun, electric light, and gas light, respectively. This is interesting 
because it will be seen that although we may be dealing with 
sources of heat which are luminous, the maximum points of in¬ 
tensity differ in position of wave leng^th and also in amount. This 
proves that although we may provide rays which are both lumin¬ 
ous and heat-giving, we do not appear to obtain all the solar ad¬ 
vantages with any kind of artificial high temperature radiation, 
as is so often claimed. Furthermore, while these high tempera¬ 
ture surfaces give a greater intensity, the rays are not compar¬ 
able to the sun’s rays, for while the intensity from the sun is 
great, the rays travel parallel and strike evenly everywhere. The 
air we breathe is not in contact with the high surface temper¬ 
ature of the sun, but receives its warmth indirectly from the 
surrounding buildings and earth which are at a comparatively 
low temperature. With an artificial source the rays of luminous 
heat are divergent because the area of the heat source is small 
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compared with the distance. Consequently, the intensity varies 
inversely as the square of the distance of the body from the 
source, so that one part of our body may be too hot and the rest 
too cold. Moreover, if we provide a high temperature surface, 
the air in contact with the surface becomes burnt and any or¬ 
ganic impurities in the air will become decomposed and ammonia- 
cal gases formed. If, on the other hand, we have a lower temper¬ 
ature surface of such dimensions that the area is large in rela¬ 
tion to the distance, the rays are then very much less divergent, 
and can be considered as being practically parallel. 

Heat Absorption of Air 

The question of heat absorption by the air is also very impor¬ 
tant, and we find that within certain limits the greater the area 
of our source of heat and the smaller the temperature difference 
between it and the surrounding air, the greater will be the heat 
absorption by the air. This appears to hold good for certain 
wave lengths only and is applicable for temperatures up to about 
200®F. Above this we find that a slight increase in temperature 
gives the advantage to radiation, and that rays of short wave 
length will travel through a clear atmosphere with practically 
no loss whatever. On the other hand, the longer waves which are 
given off from the earth are practically all absorbed in the moist 
atmosphere. Hence we find that although moist air will absorb 
long length rays at a rate over 70 times that of dry air, the 
shorter waves are not so absorbed. The sun sends rays of a 
variety of wave lengths, most of which travel through a clear dry 
atmosphere unchanged, so that practically all the energy reaches 
us, but the moist atmosphere around the earth arrests all the 
longer reflected rays on their return journey. If the surrounding 
atmosphere did not absorb the long rays given off by the earth’s 
surface, the earth would rapidly cool to such an extent that it 
would be too cold for human comfort and life. 

We also find that short rays from the sun will pass through 
ordinary glass without any perceptible increase in the temper¬ 
ature of the glass, thus showing that there is very little absorp¬ 
tion. On the other hand, longer radiation waves emitted from a 
red fire are largely absorbed by glass. Consequently, windows 
will prevent the long rays from going out and being lost from 
the room. This point is important for room comfort. It also ex¬ 
plains v(^y glass fire screens often are used to arrest the intense 
heat rays from open fireplaces. 
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Before proceeding to study the relation of infra-red rays to 
space heating, it may be advantageous to consider the effect of 
reflection and absorption of energy rays in connection with vari¬ 
ous surfaces, as this undoubtedly has an important bearing on 
the energy required to maintain comfort conditions. 

Surface Reflection and Absorption 

It seems highly probable that infra-red rays have character¬ 
istics similar to the shorter light rays, and that some surfaces 
will reflect while others will absorb them. It is also interesting 

to study the effect of warm sur¬ 
faces on air in direct contact 
with the surfaces. 

The radiometer, as designed by 
Sir William Crookes, is shown in 
Fig. 6. This instrument may be 
seen every day in many shop 
windows of our cities, and its 
working in the presence of light 
and heat waves gives an every¬ 
day demonstration of the power 
of rays. 

The explanation of the action 
of Crookes’ radiometer is as fol¬ 
lows : On the corpuscular theory, 
light should exert a mechanical 
pressure on a body on which it is 
incident. Each light corpuscle 
must possess energy and, on 
striking a body, its velocity must 
be annulled (if the light is ab- 
Flg. 6. sorbed), or reversed (if the light 

The Crookes'Radiometer. jg totally reflected). The pres¬ 
sure would be greater in the 
case of reflection than in that of absorption, for reasons similar 
to those used in explaining the pressure of a gas on the Wnetic 
theory. In the same manner, a perfectly resilient ball will 
double the pressure when it rebounds from a surface to that 
exerted by a soft plastic ball which simply sticks to the surface 
with which it comes in contact. 

There appears to be no obvious reason why transverse waves 
in an elastic solid should produce a mechanical pressure, but it 
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seems that Maxwell proved that sunlight should exert a pressure 
amounting to about 0.4 milligrams per square meter on a black 
surface, or about 0.8 milligrams on a perfectly reflecting surface. 

It is difficult to measure such small pressures, and complications 
arise from the circumstance that, to avoid the effect of air cur¬ 
rents, the experiment must be performed in a perfect vacuum. 
If the vacuum is not perfect, the residual gas will exert reactions 
on the surface on which the light is incident. This is due to the 
circumstance that absorption of the rays raises the temperature 
of the surface, and the gas molecules rebound from the latter 
with a greater velocity than that with which they strike it. 

In the radiometer four platinum vanes are mounted on a light 
framework which is pivoted on a fine needle-point, the whole be¬ 
ing enclosed in a glass vessel which is highly exhausted. Each 
vane is blackened on one side and polished on the other. When 
the instrument is exposed to light, rays are absorbed by the black 

4 

and reflected by the polished surfaces. Each blackened surface 
experiences a rise of temperature which does not penetrate to 
the opposite polished face of the vane. 

The residual gas is, in its turn, heated; in terms of the kinetic 
theory, the gas molecules striking a hot, blackened surface re¬ 
bound with an augmented velocity, and since action and reaction 
are equal and opposite, a pressure is exerted on the black surface. 
Since the opposite polished surface of the vane is at a lower tem¬ 
perature, the molecules striking this will experience a smaller ' 
increase of velocity, and the resulting pressure will also be less. 
Thus, the vanes will revolve as if the blackened surfaces were 
repelled by light to a greater extent than the polished surfaces. 

Air in contact with warm panel surfaces is repelled in the same 
manner as described above, and this is most apparent in connec¬ 
tion with heated ceilings where the air is not readily carried away 
by convection currents. 

Reverting to the question of pressure exerted by light rays, 
it is possible to demonstrate this with an instrument somewhat 
more elaborate than the radiometer shown in Fig. 6, but this 
is outside the scope of this work. It is, however, of interest since 
it explains why a comet develops a tail as it approaches the sun. 
The tail is directed away from the sun no matter what may be 
the direction of the comet’s motion. This indicates a repulsion 
by the sun and it follows from the law of the pressure of light 
that such a repulsion would occur. The gravitational attraction 
of the sun on a body is proportional to the mass, whereas the 
repulsion due to the pressure of light will be proportional to the 



THEORY OF HEAT RADIATION 


19 



Fig. 7. Pressure effect of ether waves on a comet’s tail. 


surface. Hence, the ratio of the repulsion to the attraction will 
be inversely proportional to the linear dimensions of the body, 
so that in the case of a very small body, the repulsion may be 
preponderate. Thus the tail of a comet probably consists of small 
stones, from a centimeter in diameter downwards, while the head 
of a comet consists of very large stones. As a comet approaches 
the sun its tail becomes longer and reaches a maximum at the 
point when the comet is closest to the sun. See Fig. 7. As the 
comet moves farther away from the sun its tail begins to dis¬ 
appear. 

The practical applications of calculations of heat emission from 
various surfaces will be considered when we deal with the respec¬ 
tive systems in use, but there is one fundamental principle con¬ 
cerning radiant heat which we should know. That is that the 
rate of radiation depends entirely on the difference of temper¬ 
ature of the warm object and the cool object and follows some¬ 
what the following formula which applies to parallel surfaces of 
large area. For notation, see following page. 
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Hs heat interchanged, 

E SK a constant depending on surfaces and actual 
temperatures, 

As= area, 

Tj = absolute temperature of hot body, and 
Tj = absolute temperature of cool body 

In calculating heating surfaces for room warming, we cannot 
use this formula in this exact form because we are also dealing 
with some convectional heat, and the heat given off depends on 
the position in which the heating surfaces are fixed. A vertical 
surface under some conditions will give off as much as 45% of 
its heat as convected heat and 56% as thermal radiations. A 
horizontal surface will give off a varying proportion of its heat 
by convection, depending on whether the heated surface is at the 
floor or ceiling. 



CHAPTER 3 

ARTIFICIAL HEATING AS RELATED 
TO BODY HEAT LOSSES 

It is impossible correctly to apply artificial heating without 
understanding the physiological aspects of the problem; although 
there is extensive literature on this subject, much of it is de¬ 
voted to experiments made in laboratories under extreme tem¬ 
peratures or under created conditions which cannot be main¬ 
tained in the average home. 

It is now generally known that the human body requires no 
heat from without (provided we do not lose too much heat to 
surrounding objects), because heat is generated inside the body 
by a chemical and physical process known as metabolism which 
provides more heat than we require. Therefore, no heating sys¬ 
tem has to serve the purpose of adding heat to the individual; 
its only function is to control the net rate at which the body loses 
heat in cold weather by radiation, convection, and evaporation. 

In convection methods of heating, the medium serves to main¬ 
tain an air temperature as well as to prevent too much heat loss 
from the body under existing conditions of humidity and of sur¬ 
rounding cool surfaces. The object of radiant heating, on the 
other hand, is to maintain an average temperature of the sur¬ 
rounding surfaces which will prevent too much heat loss from 
the human body by radiation and give comfort with a lower air 
temperature, thereby promoting the generation of heat within 
the body. 

In considering these two methods of heating, one should not 
infer that heating may be solely either by convection or by radi¬ 
ation, because in radiation there are always some convection 
currents of air, either direct from the panels, or from furniture, 
etc., which receive heat from the panels by radiation and give 
back some of the heat by convection. Cast iron radiators, while 
not being considered in the same category as “radiant heating 
^U, as previously mentioned, give off 10% to 25% of its heat 
by radiation, depending on the design of the radiator, compared 
with 50% to 80% by radiation for the usual low temperature 
flat surface radiant panels. More definite information about this 
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Fig. 8. Average metabolism per square foot of area 

according bo age. 


relationship will be given later in conjunction with heat emission 
charts and temperature studies. 

When the human body is surrounded with cool air, the vaso¬ 
constrictor center is stimulated and this, acting on the blood 
vessels close to the skin surface, constricts the passages and 
diminishes the amount of warm blood flowing in these veins, 
thereby reducing the heat loss from the body. The reflex in this 
case may be attributed primarily to the action of the cool air bn 
the cold nerves of the skin. On the other hand, when warm air 
surrounds the body, the blood vessels near the skin are dilated, 
often to an extreme extent, allowing more blood to flow under 
the skin surface and thereby causing us to lose more heat. 

When the temperature of the ambient air drops to about 60®F, 
a new method of regulation (the chemical regulation) comes into 
play and acts on the side of heat production rather than that of 
heat loss. Hence, the outside cold atnaosphere stimulates the 
appetite and leads to an increase in diet, as is experienced when 
we take a walk in the country or park on a cool day. If, however, 
we do not eat, then a certain amount of the body material (gly- 
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cogen, fat, protein) is oxidized. This process, by means of mus¬ 
cular contractions, will liberate a large amount of heat which 
comes to our aid and balances the heat loss. In a similar manner 
exercises will bring into operation muscles which will develop 
heat and make us warmer. 

The sanitaria in Switzerland and other elevated resorts take 
advantage of the effect of these conditions on the human body. 
Invalids with only scanty clothing are kept warm and invigorated 
by the conditions under which they live. The cold air stimulates 
the muscles and organs of the body, while the rays coming direct 
from the sun (and also reflected longer wave radiation from the 
snow and ice) keep the body perfectly warm and healthy. These 
conditions act as a tonic to the mind and body, so that radiant 
energy is a means for keeping a balanced account of our tem¬ 
peratures, since it promotes increased health and a keener mind. 

Body Heat Production 

The normal rate of heat production in the average size human 
individual is about 410 Btu per hour. This heat production va¬ 
ries somewhat according to age, and the chart. Fig. 8, shows 



Fig. 9. Btu given off per square foot from the average 
body according to occupations 


24 


BODILY HEAT LOSSES 


approximately how this varies in an average person from birth 
to old age. It will be noticed that at about the age of 6 years the 
heat generated per square foot is at a maximum; in an older 
person, when the fire of life is ebbing away, the heat generated 
is much lower. This explains why elderly people need more pro¬ 
tection from the cold than younger persons. The amount of heat 
given off from the body varies not only with age, but also with 
occupation, environment, sex, race, and the food which we eat. 
For instance, women generate more heat than men, and the white 
race generates more heat than the yellow race. Fig. 9 indicates 
how the surplus of heat varies with the average man according 
to occupation. Since, however, we invariably take the home or 
the office as our standard when considering the average condi¬ 
tions for health and comfort, it will be fairly safe to take the 
figure of 410 Btu as the amount of heat which will be given off 
by the average person and to assume that this amount can be 
divided somewhat as follows: 

Radiation and convection — 300 Btu per hour 

Evaporation — 62 Btu per hour 

Respiration — 45 Btu per hour—with a small 

amount for excreta 

The radiation loss is that amount of heat given off from the 
human body by heat rays when the surface of the body is warmer 
than the surface of the surrounding walls, windows, ceilings, 
furniture, etc. Convection loss is the amount of heat given off 
from the body to the cooler ambient air which passes over the 
surface of the body and carries away the heat. The heat loss by 
evaporation is that amount of heat taken from the body as per¬ 
spiration passing through the pores of the skin is evaporated, 
and the heat dissipated by respiration is the amount of heat given 
to the air we breathe. 

The human body is of complicated shape and radiation takes 
place freely only from the exposed outer surfaces. There are 
considerable portions of the body, such as the legs, arms, and 
lower parts of the head, etc., which radiate most of their heat 
to other portions. It is, therefore, necessary to evaluate the 
equivalent surface of the body from which heat is radiated, and 
also to obtain a similar value for convection since the two values 
are not the same. 

For the average person we find that while the total surface 
for convection may be taken as approximately 191/2 square feet, 
it is more correct to assume 16 y 2 square feet for radiation only! 
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It should be remembered, however, that the relation between 
these two will vary greatly. Every step or movement made alters 
the shape of the body and some surfaces are exposed to convec¬ 
tion for one moment and exposed to both radiation and convec¬ 
tion at the next. 

While it is somewhat difficult to differentiate exactly between 
the radiation loss and the convection loss, it is found that if the 
loss by radiation is maintained at about 190 Btu per hour and 
that by convection at 110 Btu, we obtain a condition of greatest 
comfort and health. The human body can accommodate itself 
within certain limits, but if the conditions of the environment 
and the state of the body are not perfectly correlated, we are 
vaguely conscious of a strain in the thermostatic body mechanism. 

The question of losing heat is a complicated process because 
the feeling of hot and cold is not so much affected by the meas¬ 
ure of the heat loss to the heat generated as it is by the way 
in which it is lost. Broadly speaking, the sensation of feeling 
cold can be avoided in two ways: either by having the temper¬ 
ature of the air raised sufficiently high, or by having hot sur¬ 
faces placed in the walls, floors, or ceiling, so that the heat radi¬ 
ated is sufficiently intense to compensate for a lower air temper¬ 
ature. It must be clearly remembered, however, that while some 
conditions stimulate the production of heat, others merely dis¬ 
sipate the heat without in any way controlling the generation. 
For instance, a walk in the cool, spring air will give a glow of 
warmth from within and quickly promote an appetite, whereas 
warm air surrounding the body simply results in heat crowding 
up on the surface of the body. This affects the vital organs and 
reduces the general agility of the mind and body. Since the liver 
is one of the largest organa in the body which generate heat, it 
is only natural that when the person is living in a too warm at¬ 
mosphere and the heat from the body cannot be dissipated cor¬ 
rectly, the liver is one of the first organs to become sluggish. 
Hence that feeling of lassitude invariably associated with a room 
or building warmed by convected heat, whether it be the home, 
office, or a public building. 

Effect of Radiant Heat Upon the Body 

Everyone has undoubtedly experienced the invigorating effect 
of radiant heat when the body has been exposed to the sun’s rays 
on a cool but sunny day in spring. Some of these rays which 
impinge on the body come directly from the sun and include 
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approximately how this varies in an average person from birth 
to old age. It will be noticed that at about the age of 6 years the 
heat generated per square foot is at a maximum; in an older 
person, when the fire of life is ebbing away, the heat generated 
is much lower. This explains why elderly people need more pro¬ 
tection from the cold than younger persons. The amount of heat 
given off from the body varies not only with age, but also with 
occupation, environment, sex, race, and the food which we eat. 
For instance, women generate more heat than men, and the white 
race generates more heat than the yellow race. Fig. 9 indicates 
how the surplus of heat varies with the average man according 
to occupation. Since, however, we invariably take the home or 
the office as our standard when considering the average condi¬ 
tions for health and comfort, it will be fairly safe to take the 
figure of 410 Btu as the amount of heat which will be given off 
by the average person and to assume that this amount can be 
divided somewhat as follows: 

Radiation and convection — 300 Btu per hour 

Evaporation — 62 Btu per hour 

Respiration — 45 Btu per hour—with a small 

amount for excreta 

The radiation loss is that amount of heat given off from the 
human body by heat rays when the surface of the body is warmer 
than the surface of the surrounding walls, windows, ceilings, 
furniture, etc. Convection loss is the amount of heat given off 
from the body to the cooler ambient air which passes over the 
surface of the body and carries away the heat. The heat loss by 
evaporation is that amount of heat taken from the body as per¬ 
spiration passing through the pores of the skin is evaporated, 
and the heat dissipated by respiration is the amount of heat given 
to the air we breathe. 

The human body is of complicated shape and radiation takes 
place freely only from the exposed outer surfaces. There are 
considerable portions of the body, such as the legs, arms, and 
lower parts of the head, etc., which radiate most of their heat 
to other portions. It is, therefore, necessary to evaluate the 
equivalent surface of the body from which heat is radiated, and 
also to obtain a similar value for convection since the two values 
are not the same. 

For the average person we find that while the total surface 
for convection may be taken as approximately 19V^ square feet, 
it is more correct to assume 16% square feet for radiation only. 
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It should be remembered, however, that the relation between 
these two will vary greatly. Every step or movement made alters 
the shape of the body and some surfaces are exposed to convec¬ 
tion for one moment and exposed to both radiation and convec¬ 
tion at the next. 

While it is somewhat difficult to differentiate exactly between 
the radiation loss and the convection loss, it is found that if the 
loss by radiation is maintained at about 190 Btu per hour and 
that by convection at 110 Btu, we obtain a condition of greatest 
comfort and health. The human body can accommodate itself 
within certain limits, but if the conditions of the environment 
and the state of the body are not perfectly correlated, we are 
vaguely conscious of a strain in the thermostatic body mechanism. 

The question of losing heat is a complicated process because 
the feeling of hot and cold is not so much affected by the meas¬ 
ure of the heat loss to the heat generated as it is by the way 
in which it is lost. Broadly speaking, the sensation of feeling 
cold can be avoided in two ways: either by having the temper¬ 
ature of the air raised sufficiently high, or by having hot sur¬ 
faces placed in the walls, floors, or ceiling, so that the heat radi¬ 
ated is sufficiently intense to compensate for a lower air temper¬ 
ature. It must be clearly remembered, however, that while some 
conditions stimulate the production of heat, others merely dis¬ 
sipate the heat without in any way controlling the generation. 
For instance, a walk in the cool, spring air will give a glow of 
warmth from within and quickly promote an appetite, whereas 
warm air surrounding the body simply results in heat crowding 
up on the surface of the body. This affects the vital organs and 
reduces the general agility of the mind and body. Since the liver 
is one of the largest organs in the body which generate heat, it 
is only natural that when the person is living in a too warm at¬ 
mosphere and the heat from the body cannot be dissipated cor¬ 
rectly, the liver is one of the first organs to become sluggish. 
Hence that feeling of lassitude invariably associated with a room 
or building warmed by convected heat, whether it be the home, 
oflice, or a public building. 

EKect of Radiant Heat Upon the Body 

Everyone has undoubtedly experienced the invigorating effect 
of radiant heat when the body has been exposed to the sun’s rays 
on a cool but sunny day in spring. Some of these rays which 
impinge on the body come directly from the sun and include 
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the whole range of ether waves, while other rays coining from 
the sun impinge on surrounding objects where they are increased 
in wave length and reflected to the body as low temperature 
radiation, thereby producing a comfortable feeling of warmth. 
Should a cloud pass over the sun, there is instantly a sensation 
of cold, although in such a short interval of time, the air tem^ 
perature has not varied a fraction of a degree. 

Another common experience demonstrating the effect of radiant 
heat is the sensation experienced when a railway car passes a 
pile of burning ties or other debris. It is important to note in 
this connection that the air temperature within the car is not 
affected, but there is an instantaneous feeling of bodily warmth 
as the car window passes the fire, thus exposing the body to 
thermal radiations. The reason why such .instantaneous effect is 
possible is because of the high speed with which radiant energy 
travels, viz.: 186,000 miles per second. 

This proves conclusively that a thermometer recording the 
temperature of the air is no indication of the correct comfort 
conditions for the human body. This same conclusion applies to 
any instrument controlling by air temperature alone, whether 
it be based on the dry bulb or on the wet bulb; consequently, we 
are compelled to look elsewhere for the correct basis of true 
comfort. 

In our search for the correct conditions which will be com¬ 
patible with the physiological demands of the human body, we 
come to the conclusion that no system can be rated as satisfactory 
which does not take care of the three main factors controlling 
the heat loss from the human body; namely, radiation, convection, 
and evaporation. The greatest of these losses is that due to 
radiation which, physiologically, appears to be of the most im¬ 
portance. In spite of this, however, it is a factor which rarely 
receives consideration in any type of air conditioning system, and 
IS Ignored entirely in all types of warm air or convected heat 
systems. We must conclude, therefore, that the usual methods 
of heating and air conditioning are basically wrong, since no 
system can produce conditions compatible with the physiological 

demands of the human body, unless the radiation losses are, in 
some way, taken care of. 

It is sometimes claimed that a radiant heat system is satisfac- 

Jr and in some climates, but not satisfac¬ 

tory elsewhere. This undoubtedly is due to lack of understandintr, 

because wherever a human being has to live, these three factors 
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of heat loss must be taken into consideration. It is equally im¬ 
portant to provide the correct conditions in a very cold climate as 
in one of moderate temperatures. The problem of maintaining 
the correct comfort conditions by low temperature radiation is 
not insurmountable for even the most severe weather conditions, 
since exposure factors can be reduced by insulating walls and roof 
and by adding storm windows, etc. The saving in fuel consump¬ 
tion and the greater comfort more than compensate for the extra 
cost in providing protection against exposure losses, and the 
relative degree of comfort with radiant heat systems is con¬ 
siderably more for very cold climates than for moderate climates. 

Effect of Humidity 

When the physiological aspect of keeping warm is under dis¬ 
cussion, the humidity of the air must be considered, since it is 
a very vital factor and plays a very important part in producing 
health and comfort. 

It has been reported that the minimum death rate occurs in 
localities where the natural relative humidity is maintained at 
a fairly high figure, although too high a relative humidity will 
produce some forms of discomfort. With the indoor clothing 
customary in this country, a relative humidity of 55% to 65% 
and an ambient air temperature of 65®F to 68®F seems to be 
compatible with the physiological requirements of the human 
body, although if the relative humidity should go up to 70% or 
76%, we may feel quite comfortable with an even lower air 
temperature. 

The normal evaporation from the skin is accompanied by a 
cooling effect on the body because of the great heat required 
to convert water into water vapor. It is on this fact that the 
cooling effect of air passing over the body principally depends. 
With excessive humidity, when this evaporation does not occur, 
the cooling effect disappears and discomfort is felt at high 
temperature. This is the reason why travelers in tropical climates 
find that high temperatures and a low relative humidity can be 
borne more easily than a somewhat lower air temperature and 
vely humid conditions. In cold climates, however, we find the 
opposite is the case. Air at low temperature has a greater feeling 
of coldness with high relative humidity than at low. The reason 
for this lies in the changes which the high humidity induces on 
the human skin. 

In a dry atmosphere the skin dries up and hardens, thereby 
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acting as a better insulator, and so we feel the cold or heat less, 
whereas in a moist atmosphere the skin swells and the pores open, 
making the skin more conductive and sensitive. It, therefore, 
appears that a high relative humidity will cause discomfort both 
at high and low temperatures. In the former case it is caused by 
producing a sensation of extreme heat and, in the latter case, 
extreme cold. 

Under what are considered to be normally ideal conditions, the 
average person gives off approximately 62 Btu per hour by 
evaporation. However, if the air is very dry, the heat loss by 
evporation is much greater and it is necessary to raise the 
temperature to compensate for the extra loss by evaporation. 

When ample radiant heat panel area is provided to take care 
of radiant heat losses, it is unnecessary to raise the temperature 
of the air in the room unduly, and because of this lower air 
temperature, a higher relative humidity exists. Furthermore, 
the energy absorbed by the skin from the impinging radiant 
rays has a beneficial effect on the nerves under the skin which, 
with a more moist air, keeps it healthy and rejuvenates the cells. 
This is in contrast to the deleterious effect of dry, warm air 
which dries and contracts the skin, causing that characteristic 
tightness which destroys fine texture of the skin and prematurely 
promotes wrinkles. Another objection to dry air is its effect on 
the throat and mucous membranes of the eyes. In the former it 
causes hoarseness and, in the latter, eye fatigue and loss of lustre. 

It is quite easy to maintain a relative humidity of 45% to 65% 
if storm or double windows are provided. These will not only 
save fuel and provide greater comfort, but they will also minimize 
condensation of moisture on the inner surfaces of the glass even 
in extremely cold weather. 

The washing of air is undoubtedly beneficial, especially in 
industrial districts where the atmosphere becomes very polluted, 
but chemically pure air is not what the human body requires. 
Natural air contains many traces of impurities and the closer 
we approach nature’s method of keeping warm and healthy, the 
stronger and more germ-resistant will the human body become. 



CHAPTER 4 

THE MEASUREMENT OF COMFORT 


Several years prior to the second World War, researches on 
heating and ventilating were undertaken in Great Britain both 
by the Industrial Health Research Board of the Medical Research 
Council and also by the Department of Scientific and Industrial 
Research at the Building Research Station. The two groups, 
while working independently, had a common domain in that they 
were not only concerned with systems of heating, but were also 
interested in the estimation of the physical conditions of an 
environment which are of physiological importance in the deter¬ 
mination of human comfort. 

To avoid the overlapping and confusion which would occur if 
the methods and terminologies used were to develop on irrecon¬ 
cilable lines, these groups decided to adopt standard terminologies 
and methods of measurement. It was also felt important to have 
an instrumental method for measuring heating and ventilating 
effects which would properly allow for the various physical factors 
influencing human comfort. Such an instrumental method could 
be expected to be simpler, more convenient, and quicker in use 
than combinations by means of formulae of measurements of the 
individual factory taken with such separate instruments. It was 
also felt desirable that attempts should be made to correlate the 
instrumental readings with the personal sensation of comfort or 
discomfort, so that the instrumental method should be based on 
the principle of the rate of heat loss from a heated body. 

If the term “warmth” is invested with a comprehensive mean¬ 
ing, it should connote the proper assessment of all thermal factors, 
including humidity, which induces human comfort. 

Equivalent Temperature 

The equivalent warmth of an environment was provisionally 
defined in Great Britain as “that temperature of a uniform en¬ 
closure in which, in still semi-saturated air, equal warmth would 
be experienced.” Semi-saturated air was taken for the purpose 
of this provisional definition as being more akin to the general 
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conditions of humidity prevailing in Great Britain than, for 

instance, saturated air. _ 

Where humidity effects can be neglected, and the records taken 

are referred back to standard conditions, the measurements should 
be on a scale of “equivalent temperature.” British Equivalent 
Temperature (B.E.T.) was originally defined as “that tempera¬ 
ture of a uniform enclosure in which, in still air, a sizable black 
body at 75°F would lose heat at the same rate as in the environ¬ 
ment.” This definition, however, suffered from the limitation that 
it was not applicable to conditions in every country and the 
desirability of a less parochial definition was suggested. Con¬ 
sequently, a new definition was adopted in which the equivalent 
temperature of an environment is given as “that temperature of 
a uniform enclosure in which, in still air, a black body of suffi¬ 
cient size would lose heat at the same rate as in the environment, 
the surface temperature of the body being one-third of the way 
between the temperature of the enclosure and 100° F.” This, how¬ 
ever, has since been more closely defined as follows: 

“The equivalent temperature of an environment is that tem¬ 
perature of a uniform enclosure in which a black cylinder, of 
height about 22 inches and 7% inches diameter, would lose heat 
at the same rate as in the environment under consideration, the 
surface of the cylinder being maintained at a temperature which 
is a precise function of the heat loss from the cylinder, and which 
in any uniform enclosure is lower than 100°F by two-thirds of 
the difference between 100°F and the temperature of the en¬ 
closure.” 

Eupatheoscope 

The Eupatheoscope (Model I) was an instrument originally 
designed in Great Britain to measure the equivalent temperature 
of an environment and had a surface temperature of 75°P. It 
was essentially a black-painted hollow copper cylinder inches 
in diameter, 22 inches long, and mounted on a suitable stand. 
It contained an electric heater which, when supplied with a 
definite amount of heat, maintained the surface temperature at 
75°F. The heat losses from the cylinder were recorded in degrees 
of effective temperature. 

The new eupatheoscope shown in Fig. 10 (Model II) is similar 
in construction to, and the same size as Model I, but the surface 
temperature of Model II is arranged to divide the interval be¬ 
tween the environment and 100°F (blood heat) in the ratio of 
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one to two. For example, in an environment at 70®F the surface 
temperature would be 1/3 (100° —70°) -j- 70 = 80°F, whereas 
in an environment of 55°F, the surface temperature should be: 
1/3 (100° — 55°) 4- 55° = 70°F. 

Readings obtained with the eupatheoscope, Model II, will give 
“equivalent temperature,” as previously defined. 

On this scale, the numerical value in a uniform environment 
with the surfaces and air at the same temperature is equal to 

the temperature of the surfaces 



Fig. 10. The Eupatheoscope, 
Model M. 


and air. In a non-uniform en¬ 
vironment with the surrounding 
surfaces and air at different 
temperatures, the numerical value 
is the same as that at which the 
eupatheoscope would lose heat at 
the same rate in a uniform en¬ 
vironment. 

As originally defined in Great 
Britain, the equivalent tempera¬ 
ture was based on an average body 
surface temperature of 75°F but 
it has been found that with a 
correctly proportioned radiant 
heat system, 80°F to 82°F more 
closely conforms to American 
conditions. The most nearly cor¬ 
rect surface temperature to as¬ 
sume will depend in part on the 
clothes worn by the individual, 
and also in part on the air tem¬ 
perature and the actual mean 
radiant temperature (MRT) of 
the surroundings, so that the 


average surface temperature of the individual will vary as 
conditions in the room vary. The surface temperature will also 
vary with sex, age, and other physiological conditions. The 
figures given in Table 1 have been compiled from some average 
temperatures recorded by the author with various “effective” 
temperatures; the latter were registered by the globe ther¬ 
mometer. Effective temverature is a term originated at the 
Research Laboratory of the American Society of Heating and 
Ventilating Engineers. It is an empirically determined index of 
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the degree of warmth perceived on exposure by human subjects 
to different combinations of temperature, humidity and air 
motion. No consideration is given to the mean radiant tem¬ 
perature of the surroundings. The globe thermometer consists 
of a conventional mercury thermometer encased in a blackened 
copper sphere 6 to 9 inches in diameter. Due to its size and 
color it absorbs radiant heat and thus registers radiant as well 
as convected heat. See Fig. 114, Chapter 11. 


Table 1 —Average Temperatures of Ports 
of Body ond Clothing 



Females 

Maxes 


# 


Air Temperature, "F 










* ART 

OP 

7S 1 

70 

65 

75 

70 

65 

Body 







01 


Effective Temperatdse. 



Clothing 








78 

73* 

68 

78 

73* 

68 



Surface Temperatures, * 

’F 


Forehead 

92 

91 

89 

93 

91 

90 

Cheek 

92 

91 

89 

93.5 

91.6 

90 

Neck 

94 

93 

90 

94 

92 

91 

Back of hand 

84 

81 

78 

90 

88 

85.5 

Palm of hand 

88 

86 

80 

91 

90 

87 

Hair 

81 

79 

76 

82 

80 

78 

Ankles 

84 

82 

79 

87 

85 

83 

Back of clothing 

82.5 

81 

79 

83 

81 

79 

Front of clothing 82 

79 

77 

81.5 

79 

77 

Sloeve 

81 

78 

76 

83 

80 

78 

Shoes 

81 

79 

77 

84 

81.5 

79 

Average, *F 

83.3 

81.6* 

79.2 

84.6 

82.5 

80.6 


temperature for males and females for an effective 
temperature of 73 F is 82.1 F, it is reasonable to assume that for an MRT (mean 

I tempcraturc of 68*F, an average surface 

Umperalure of human body is 81 ®F. TWs figure also seems to be well substantiated 

appard'^™^^*^ taken by the author with subjects wearing different types of 
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Testing Average Temperature of Parts 
of Body and Clothing 

Male and female employees are generally selected at random 
for tests and are taken from their usual occupation and allowed 
to remain for one-half hour to one hour in a room maintained at 
standard conditions before the readings are taken. Fig. 11 shows 
the method usually adopted, although in some cases readings 
of surface temperatures and also of environment are recorded at 
the actual position these employees work. While it is possible to 
obtain a reasonable average of surface temperatures, on occasions 
it is remarkable to observe the differences in surface temperatures 



Fig. 11. Taking surface temperatures of exposed surfaces. 
Note Globe Thermometer X, Room Comfortstat Y and 

Wet and Dry Thermometer Z. 





Fig. 12. Taking surface temperatures of the stocking 
(upper view) and of the arm (lower view). 
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when recording these on a large number of persons. tem¬ 
perature of the hair may vary 3 to 4 degrees and while sur¬ 

face temperature recorded on different parts of the fa^® 
often prove very consistent, the temperature of the hands 
vary 8 or 10 degrees. It is of interest to note that the surl.*'®® 
temperatures of females are in most cases several degrees below 
that of males. This may be dufe to physiological differences which 
may also account for the fact that females can invariably with¬ 
stand cold temperatures better than men, and explain why 
females can wear thin stockings and open-neck blouses in very 
cold weather without feeling uncomfortably cold. (See average 
temperature data, Table 1.) 

Fig. 11 shows two employees under observation for surface 
temperature tests. The Globe thermometer X registers the effec¬ 
tive temperature in the room and the comfortstat Y controls the 
temperature conditions. The wet and dry bulb thermometer Z 
indicates the condition of the air in the room during the test 
which is maintained at about 50% relative humidity during cold 
weather. 

When tests of surface temperatures of the human body and 
clothing are being made, care must be taken to insure that the 
material being worn is not pressed hard against any part of the 
body with the instrument, as this will allow the heat of the body 
to penetrate the clothes and give an erroneous reading. Similarly, 
when temperatures of the palm of the hand, neck, and hair are 
being recorded, care must be taken to insure that these parts are 
exposed to the room conditions for some time before the actual 
readings are taken. Fig. 12 shows how the surface temperatures 
of various parts of the body are taken. 

The surface temperature of the human body is taken as the 
mean of the whole area, including not only the exposed skin, but 
also clothing and hair. This explains why ladies in evening dress 
often require a higher equivalent temperature for comfort than 
a man having only hands and head uncovered. 

The higher the equivalent temperature, the smaller will be the 
heat loss from the body, and if the average surface temperature 
of the body is 81®F, then with an equivalent temperature of 
81®P there can be no sensible heat loss from a surface at that 
temperature. Consequently, under these conditions the tempera¬ 
ture of a normal body surface would have to rise to a point where 
the heat generated in the tissues would be dissipated, with an 
increased heat loss by perspiration. Broadly speaking, we can 
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say that an equivalent temperature of about 69°F to 71°F, 
the sens’J^lg j^g^t losses from the assumed average individual will 
appro> f'niate those previously given. The humidity of the air also 
the skin temperature, and it will be noted that the con¬ 
ditions set down in connection with the eupatheoscope assume a 
semi-saturated atmosphere, although the instrument is not re¬ 
sponsive to varying relative humidity conditions. 

While the eupatheoscope seems to be one of the best instru¬ 
ments yet designed to measure comfort conditions, it was in its 
original form somewhat limited to use under conditions where 
radiant heat is fairly uniform. It may have shown average con¬ 
ditions as being satisfactory, while the front was exposed to con¬ 
ditions too warm and the back too cold. The human body, how¬ 
ever, would immediately be susceptible to such extreme conditions 
on opposite sides of the body, while the eupatheoscope with its 
original body would only register the average conditions. The 
new form of eupatheoscope has the body split in halves so that 
comfort conditions have to exist on both sides of the instrument 
before they can be recorded. 

In the United States an effective temperature scale or index 
has been devised combining air movement, air temperature, and 
humidity, but even with this it is found that any effective tem¬ 
perature on the scale can be satisfied with different sets of 
conditions. For instance, an effective temperature of 65°F may 
be satisfied with a 65° dry bulb and 65° wet bulb with 100% 
relative humidity, or a 721 / 2 ° dry bulb and 471 / 2 ° wet bulb with 
10% relative humidity. This indicates that the effective tem¬ 
perature lies somewhere between the dry and wet bulb tem¬ 
peratures, but it can be concluded that we do not yet have a 
simple method or instrument accurately to measure the standard 
of human comfort. 

Several mechanized devices have been introduced to emulate 
the human body, and some of these give evidence of great in¬ 
genuity. The possibility of being able to provide the correct 
proportion of heat to various parts of the body is of great value 
in studying the effect of extreme conditions, but it does not seem 
possible that any mechanical device will ever emulate the human 
body because of the chemical and physiological complications in 
the latter. Mechanical devices undoubtedly have their uses for 
measuring heat losses and heat gains, but it seems that the only 
sure way of studying the full effect of room conditions is to 
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carry out such tests on a large number of people of varying age, 
t 3 rpe» sex, etc., and over a fairly long period of time. 

Operative Temperature 

An effort has been made to tie MRT, air temperature, and air 
motion togther into one common term, and a scale has been de¬ 
veloped representing this as the “operative temperature.” 

Operative temperature is that temperature of an environment 
at which, with equal wall (enclosing areas) and ambient air 
temperatures and some standard rate of air motion, the human 
body would lose the same amount of heat by radiation and con¬ 
vection as it would in some actual environment at unequal wall 
and air temperatures and for some other rate of air motion. 

If the eupatheoscope illustrated in Fig. 10 is placed in a room 
with air and walls at 70®F, for example, and the air is still, it 
indicates 70®F. If, however, there is a draft of about 20 feet per 
minute, the instrument will indicate a temperature of perhaps 
64°F, even though the air in the room is at a temperature of 
70®F and all surfaces of walls, ceiling, etc., are also at 70®F. 
In other words, the instrument indicates a lower temperature, 
because of extra air motion. 

However, even though we have defined the relationship among 
air motion and temperatures and MRT, the question arises as 
to just what to do with it. To make this fit into the practical 
mathematics of heating design, one has to know what the velocity 
will be over the surface of the body. Since under ordinary 
conditions this can only be assumed, and under special conditions 
has to be calculated by a very complicated process of higher 
mathematics, it seems to be more important and more within 
the scope of the heating engineer that for ordinary installations 
of radiant heating, the three major factors of heat be considered 
in their correct proportion. The air should, however, be changed 
sufficiently often by the admission of outside air to keep the 
atmosphere pleasant at all times. 

It should be understood that operative temperature, while being 
an index of the physical environment independent of any sen¬ 
sation of heat or cold, is not necessarily an index of comfort or 
health. In trying to determine the correct operative temperature, 
or in making an effort to use it when endeavoring to produce 
comfort conditions in a room, we are faced with the delicate 
problem of deciding what the air velocity will be in an office, 
or a living room, for instance. 
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In a factory, air movement is of great importance, and a 
satisfactory rate of air movement in the vicinity of the worker 
helps to ward off oppressive conditions. Some movement of the 
air tends to counteract monotony and enervation, and so improves 
the conditions. The rate of air movement necessary for comfort 
depends on the process carried on, and also on the effective 

temperature. 

Kata Thermometer 

The Kata thermometer is a very useful instrument to measure 
low velocity air motion. This is a specially built thermometer 
having a very large bulb and stem. The bulb is usually % inch in 
diameter and 2 inches long. The stem is graduated over the range 
of 95®F to 100°F. The procedure in using this instrument con¬ 
sists of heating the bulb until it indicates a temperature above 
100°F. It is then placed in the position where an observation is 
desired and the time required for the mercury column to fall 
from 100°F to 95°F is noted by a stop-watch. The air tempera¬ 
ture is also noted at the same time and place. The time required 
for the mercury column to fall depends on the temperature differ¬ 
ence between the bulb of the thermometer and the surrounding 
air and, also, on the rate of air movement. The final figure 
obtained when this instrument is being used in known as the 
“cooling power.” A standard set of tables is supplied with each 
instrument. 

On the assumption that the rate of heat loss to the air is a 
measure of the feeling of comfort, the Kata thermometer has 
come to be looked upon as a kind of comfort meter which 
simulates the human body. In addition to this, it serves the 
purpose of measuring low velocity air movement. Wet Kata 
thermometers are also used for similar purposes. The “cooling 
power” standard is often used when making investigations and 
the number used instead of air temperatures. The charts shown 
in Figs. 28, 29 and 30, Chapter 6, are based on the “cooling 
power” registered by the Kata thermometer. 

Conclusions as to Comfort 

I 

When no mechanical means has been provided to create a 
definite air velocity, then the velocity over the body is dependent 
on the relation between the surface temperature of the body and 
the ambient air temperature. If the person is moving, the shape 
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and surface exposed to radiation will alter, and some motions 
will create a velocity of air over the surface which changes with 
every movement. The velocity will also, to some extent, depend 
on the type of heating provided, so that the question becomes 
somewhat illusive and problematical. The problem, therefore, 
seems to be best solved by assuming an effective temperature, 
unless there are special conditions to be met which can be defi¬ 
nitely established. 

Since the average person in a sedentary position loses approxi¬ 
mately 190 Btu per hour by radiation, and the surface exposed 
to radiation losses ^ 15.5 square feet, the loss by radiation per 
square foot is 190 15.5 12.25 Btu per sq. ft. per hour. 

The loss by convection under similar conditions is 110 Btu per 
hour, and since the average body has 19.5 square feet exposed 
to convection losses, the loss per square foot is 110 ~ 19.5 = 
5.64 Btu per sq. ft. per hour. 

Assuming the mean surface temperature of the exposed part 
of the human body and clothing to be 81®F and the average 
emissivity factor to be 0.95, then, from Table 4 (Chapter 5) it 
can be determined that the body surface will give off by radia¬ 
tion 140.05 Btu per square foot per hour to absolute zero sur¬ 
roundings. Since the average human body releases approximately 
12.25 Btu per square foot per hour by radiation, the mean radi¬ 
ant emission from the surroundings must be (140.05 — 12.25) 
= 127.8 Btu per hour. If the average emissivity of the walls, 
ceiling, etc., is 0.93, this will require an MRT of approximately 
72°F (See Table 4). If, on the other hand, the emissivity factor 
is 0.94, then it will require an MRT of approximately 71®F to 
give equivalent results. If the human body has less covering, so 
that the mean surface temperature of the body is raised to, say, 
83®P with an average emissivity of 0.95, the correct MRT of the 
room, by the same method of calculation, should be 74V^®F, show¬ 
ing that clothing does have a material effect on the heat loss by 
radiation. This is very evident in offices where girls, regardless 
of the outside temperature, insist on going to work thinly clad. 

It may appear from this statement that a higher MRT should 
be allowed for, but the author has found that calculations based 
on an MRT of 71°F and an air temperature of 65®F will take 
care of many ordinary conditions for schools, offices and resi¬ 
dences, providing due regard is given to heat transmission and 
heat emission. However, since, as stated previously, many per¬ 
sons, especially girls working in offices, do dress lightly when 
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working, and since some men prefer to work at their desk with¬ 
out a jacket even in very cold weather, it is probably safer to 
assume an average surface temperature of 81®F. This calls for 
an MRT of 72®F and an air temperature of 68®F instead of 65®F. 
These higher temperatures are necessary to take care of the 
more exposed portions of the body, and also to counteract the 
greater amount of evaporation from the exposed skin due to the 
slightly drier air. 

These temperatures will be used in all calculations in this book 
and there appears to be no advantage in using higher temper¬ 
atures, unless it is for hospitals or other special conditions de¬ 
manding higher temperature conditions. If the mean surface 
temperature of the human body and clothing is 75®F, as is as¬ 
sumed in Great Britain, then, with an average emissivity of 0.96, 
we find from Table 4 that the body surface will give off only 
133.95 Btu per square foot per hour to absolute zero surround¬ 
ings instead of 140.05 Btu as with a surface temperature of 
81®F. Therefore, (133.95 — 12.25) = 121.7 is the Btu rate per 
square foot emission needed from walls, etc. With an average 
emissivity of 0.93 for walls, floors, etc., we find from Table 4 the 
MRT of the room should be 65l^®F, and since the convection 
losses from the human body have to be taken care of with a cor¬ 
respondingly lower surface temperature, we find that a room air 
temperature of approximately 62®F to 63®F will be sufficient to 
provide comfort conditions. This agrees quite favorably with 
the average conditions found in Great Britain, although some 
authorities in England recommend an even lower room temper¬ 
ature for comfort conditions When designing radiant heating 
systems. When making heat calculations for European conditions, 
Fig. 17 and Curve F in Fig. 123 should be used. 

Emissivity and Radiation Intensity 

Radiation is not heat until it is absorbed by a body and con¬ 
verted into heat, otherwise it could not pass through certain 
bodies without sensibly warming them. When waves of energy 
strike an obstacle, they may be partly reflected from it, partly 
transmitted through it, and partly absorbed by it. The radiation 
emitted from a hot body depends upon two factors; viz.: the tem¬ 
perature and the nature of the surface. Surfaces which are good 
radiators are also good absorbers, as the two functions are re¬ 
ciprocal. Some substances give out more radiation than others 
at the same temperature and are said to have greater emissivity 



MEASUREMENT OP COMFORT 


41 


or radiating powers. Again, other substances have the property 
of being transparent to heat rays, a further illustration of the 
analogy of light. It does not follow, however, that because a 
substance is transparent to light it will behave similarly to heat. 

Bodies which easily allow heat radiation to pass through them 
are said to be diathermanous. Rock salt is the best example of 
a solid, iodine in carbon disulphide of a liquid, and oxygen and 
nitrogen (dry air) of a gas. The presence of moisture in the 
atmosphere hinders the radiation of heat and so plays an im¬ 
portant part in preventing the sun from scorching the earth dur¬ 
ing the day and hindering earth radiation and consequent exces¬ 
sive cooling during the night. As far as the warming of rooms 
is concerned, however, the prevention of radiation by the mois¬ 
ture content of the air is negligible, and full advantage may be 
taken of the diathermancy or transmissive power of the air. 

It is important to realize that thermal radiation may vary in 
quality as well as in quantity. For instance, glass will stop about 
half of the radiation from a red hot mass but allow a consider¬ 
able proportion of the radiation of the sun to pass through it. 
This is explained by the fact that the temperature of the source 
of heat affects the wave length. The short wave lengths of the 
sun are able to pass unconverted through the glass. This can be 
proved by feeling the cool glass and the warm inner window sill 
caused by the sun shining through a window on a hot day. The 
human body, however, having a comparatively low temperature, 
gives off long wave lengths. It will be seen that if the low tem¬ 
perature radiant energy propagated by a body at a dull heat did 
not have specially long waves without penetrative powers, the 
warming of rooms by radiation would not be practicable. As it 
is, this form of energy combined with the diathermanous prop¬ 
erty of the air provides a convenient and economical method of 
providing comfort conditions. 

It is proved that radiant warming mathematically and physio¬ 
logically provides that balance of radiation and convection which 
gives the following desiderata: 

1. Relatively warm walls, fabric, etc., of the room result in 
lower heat loss from the occupants by radiation. 

2. Since with radiant heating the room air can be maintained 
cooler than with convection heating, the natural convection 
currents set up by each individual are stronger and vital 
skin evaporation is facilitated, but without the creation of 
sensible draft or excessive rapid evaporation. 
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3_ The cooler air retains its natural humidity, so that the feel¬ 
ing of cold produced by rapid evaporation in dry air is very 

much reduced. 

4. The lower air temperature existing with the desired degree 
of comfort is conducive to human vigor, both mental and 
physical. 

The nature of the surface has little influence on the heat of 
convection, but it can have a great influence on the heat trans¬ 
mitted by radiation. The nature of the surface of a body which 
influences the radiation is a characteristic which is called the 
emissivity. To ascertain the relative emissivity or radiativity of 
different surfaces and various colored paints, the author uses the 
apparatus shown in Fig. 13. The vessel A is of octagonal shape 
with sides 8 inches wide and 20 inches high. The vessel, which 
is filled with hot water and maintained at a constant temperature 
throughout each test, is supported on a turn-table so that it can 
be easily rotated. An electric immersion element B is used to 
maintain the water at the required temperature, while an elec¬ 
tric mixer C is used to keep the water well mixed and to main- 



Fig. 13. Equipment for testing emissivities of various surfaces. 
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tain a consistent temperature of the water throughout the vessei. 
The other part of the equipment consists of an extremely sensi¬ 
tive bolometer D constructed with a large surface thermopile E, 
containing over 200 thermo-couples and fitted with a specially- 
constructed cone F to prevent rays from other sources impinging 
on the surface of the thermopile. When any test is being made, 
it is very important to see that no rays from any other surface 
reach the thermopile as this will give an erroneous reading. G 
is a very sensitive galvanometer used to register the current 
created by the rays impinging on the thermopile, and H is a sen¬ 
sitive surface pyrometer which takes the actual temperature of 
each surface under observation, the temperature being recorded 
on the dial J. A" is a resistance coil in series with the immersion 
heater B to control the amount of current used to maintain a 
correct water temperature. 

In studying the radiativity of any surface, it must be under¬ 
stood that, contrary to general belief, all rays are not necessarily 
emitted at right angles to the surface. While such a statement 
may be substantially correct for smooth surfaces, much depends 
on the nature of the surface. Actually, rays are emitted at right 
angles from every minute facet of the surface, regardless of the 
size and angle of the facet, so that rays may be emitted in all 
directions from right angles to the plane of the surface to a di¬ 
rection parallel to the plane of the surface. This is evident in 
the results of the tests made on carpets and referred to in Chap¬ 
ter 7. When testing the surface X of vessel A, Fig. 14, we find 
energy rays traveling in a direction almost parallel to the lines 
Yy and Zz, respectively, from the other surfaces. The cone F of 
the thermopile should, therefore, be so placed that only those 
rays which are emitted from the surface X can reach the mouth 
of the cone. Therefore, the distance M must be a function of the 
other dimensions. In making some tests the author has found 
it desirable to place non-metallic screens at L and N to screen 
off rays from other surfaces which would otherwise affect the 
reading of the galvanometer G. When such tests are being made 
it is very important to see that the surrounding conditions are 
maintained absolutely constant, as any changes of air temper¬ 
ature or changes in the surrounding surface temperatures will 
affect the reading given by the thermopile galvanometer unit G, 
Fig. 13. A correcting factor can, however, be employed with this 
instrument when it is used for testing the radiativity of surfaces 
with various surrounding air and surface temperatures. 
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Fig. 14. Screening rays from surface of vessel. 


The results obtained from such tests may be used as a guide 
in deciding the most efficient surfaces to use for heating panels. 
It will often be found that heated panels, although having a 
fairly high surface temperature, will not give off the contemplat¬ 
ed amount of heat. This is invariably due to a low emissivity 
and is the cause of many erroneous statements claimed for ma¬ 
terials used on floors and ceilings. Great care should be exercised 
when selecting any untested material, as the surface temperature 
alone can be a very misleading factor in the equation of heat 
emission. For this reason, new surfaces should be tested for 
actual heat emission before being used. 

The thermopile and galvanometer unit E and G, together with 
the surface pyrometer H, are not only very useful instruments 
for laboratory tests, but they can also be used in testing a com¬ 
plete installation since much information can be gained on the 
actual efficacy of materials, and this serves the purpose of 
checking with reasonable accuracy the calculated and estimated 
figures used. This instrument is sufficiently sensitive to record 
in cold weather the radiant rays emitted from the clouds to the 
building and vice versa. 

There is probably no branch of physics in which accurate ex¬ 
periments are more difficult than those relating to radiant heat. 
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Table 2 — Relative Emissivities of Various Colored 

Paints and Surfaces 


Relative 
Emissivitv, % 


Matt black paint . 100 

Grey paint. 99 

Wblte paint. 95 

Ivory paint . 94 

Green paint. 91 

Aluminum paint . 64 

Bronze paint . 48 

Plain white paper on black surface. 100 

Plain white paper on copper surface. 100 

Plain copper—dull finish. 20 

Polished copper . 11 

Polished steel . 10 

Polished aluminum. 14 


Because of its fugacious nature, heat does not “stay put” long 
enough to allow accurate observations to be made of it; in point 
of fact, it escapes at the slightest opportunity. Consequently, 
many tests have to be retaken several times before reliable data 
can be compiled, and laboratory tests without substantiation from 
actual installations can be very misleading. 

Table 2 gives the relative emissivity of various surfaces as 
recorded by the galvanometer G. 















CHAPTER 5 


* 


DETERMINING THE MEAN RADIANT 

TEMPERATURE 

If all the surfaces of a room were at the same temperature, 
this temperature would be the mean radiant temperature (MRT). 
Such conditions seldom exist because in different parts of a 
room some wall surfaces are exposed to the outer air while others 
are adjacent to heated rooms. The actual surface temperature 
varies with the construction and the exposure of different sides 
of the enclosures. It also depends on the emissivity of the sur¬ 
face and whether or not the surface is exposed to warmed sur¬ 
faces emitting heat rays. It is, therefore, necessary to calculate 
the thermal means of these interior surface temperatures. 

This is not necessarily the same as the arithmetic average of 
the various surface temperatures, but rather the radiant tem¬ 
perature which corresponds to the average of the several rates 
of heat emission (Btu per square foot) from the several sur¬ 
faces. The emission at any given surface temperature for any 
stated emissivity factor can be obtained directly from Table 4, 
while the emissivity factors for many materials may be found 
in Table 3. For example, from Table 4 it can be determined that 
if the emissivity of the surface is 0.94, then one square foot at 
65®F will emit 122.9 Btu per square foot per hour to surround¬ 
ings at absolute zero. 

To determine the amount of radiant heating surface required 
in a room in order to maintain a desired MRT, requires knowl¬ 
edge of the type of heating and the temperature emissivities of 
the unheated surfaces. The surface temperature of the latter 
(at 0°F outside) can be closely estimated from the Chart, Fig. 
15. The emissivity of the surface will affect the surface temper¬ 
ature, but since the emissivities of ordinary materials used in 
residential buildings vary only slightly, the figures obtained from 
Fig. 15 may be used safely. With highly reflective surfaces and 
specially constructed walls or ceilings, a more intimate computa¬ 
tion may be advisable. For the effect of various paints and sur¬ 
faces, refer to Table 3 and also to Table 2 in the preceding 
chapter. 
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Surface Temperatures 

The inside surface temperatures of unheated walls, ceilings, 
etc., where radiant heat panels are provided, will depend on 
several factors. The surface temperature is not only affected 
by the room air temperature and MRT, but it is also affected 
by the surface emissivity, surface conductance, location, temper¬ 
ature and position of radiant heat panels, coefficient of trans¬ 
mission (XJ), and several other controlling factors. To determine 
these surface temperatures accurately by direct observation 
means going over the whole surface of the walls, ceilings, etc., 
and taking the mean of a large number of readings, because the 
temperatures will be found to vary over any of these surfaces, 
even though the structure and finish appear to be perfectly 
homogeneous. 

The author, over a period of many years of practical experi¬ 
ence, has found it impossible to apply any simple formula which 
will cover everything and give accurate results under all condi¬ 
tions of inside and outside temperatures, and wind velocity. For 
instance, the surface temperature of glass will be found to vary 
2® to 5® over the area of one window containing several panes, 
and the surface temperature of different windows in one room 
will sometimes be found to vary as much as 6° to 10®. 

Much depends on whether long infra-red rays are reaching 
the windows from adjacent buildings or clouds, as it will be 
found that the temperature of windows is greatly increased by 
the long rays from adjacent buildings. Short rays will pass 
through glass without raising its temperature appreciably, but 


Table 3 — Emissivities (e) of Various Materials 


Material 

(«) 

Material 

(e) 

Dull black matt finish. 

1.00 

Woodwork (painted) . 

0.93 

Plaster (rough) unpalnted. 

0.94 

Glass (plain) . 

0.90 

Plaster (smooth) unpainted 

0.92 

Linoleum (unpolished) .... 

0.90 

Plaster (papered) . 

0.94 

Iron (painted) . 

0.93 

Stonework 

0.94 

Glazed earthenware . 

0.90 

Brickwork .. 

0.95 

Unglazed earthenware. 

0.94 

Concrete (rough) . 

0.96 

White marble. 

0.85 

Concrete (smooth) . 

0.92 

Asbestos board. 

0.92 

Woodwork (waxed) . 

Woodwork (rough) . 

0.91 

0.95 

Asbestos tiles (polished) ... 

0.86 
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Toblo 4^Total Black Body Radiation to 

at Absolute Zero 


Black 
Body 
OK Mean 
Radiant 
Teupbea* 
•F 


Radiation in Btu per square foot 
per hour emitted to surroundings 
with a temperature of absolute 
zero, by bodies at various tern* 
peratures and with emissivity 
factor €, calculated from the lor* 
mula: 


0.1723 e 

Q =-XT* 

100,000.000 

where 

Q = total black body radiation. 

Btu per square foot per 
hour; 

e = emissivity; and 
T = absolute temperature, 


EstissrviTy e 



0.98 0.96 0.94 


0.92 0.90 


0.88 0.86 0.84 


Radiation, Btu per Sq. Ft. per Hr. 
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Table 4 (Cont'd) - Total Black Body Radiation to 
Surroundings at Absolute Zero 


Emissiviiy e 

Radiakt___— 


Temp., 

»F 

1.0 ' 

0.98 

0.96 

0.94 

0.92 

• 

0.90 

0.88 

0.86 

0.84 




Radiation. Btu per Sq. Ft. per Hr. 



42 

109.3 

107.2 

105.1 

102.9 

100.8 

98.37 

96.2 

94.1 

91.9 

43 

110.2 

108.1 

105.9 

103.7— 

101.3 

99.18 

97.0 

94.9 

92.6 

44 

111.1 

109.0 

106.8 

104.6 

102.2 

99.99 

97.8 

95.5 

93.4 

45 

112.1 

110.0 

107.8 

105.4 

103.2 

100.9 

98.6 

96.4 

94.2 

46 

112.9 

110.8 

108.5 

106.2 

103.9 

101.6 

99.4 

97.0 

94.8 

47 

113.9 

111.6 

109.4 

107.0 

104.8 

102.5 

100.2 

98.0 

96.6 

48 

114.8 

112.5 

110.3 

107.9 

105.7 

103.4 

101.0 

98.6 

96.4 

49 

113.6 

113.2 

111.1 

108.7 

106.3 

104.1 

101.9 

99.4 

97.1 

50 

116.5 

114.1 

112.0 

109.5 

107.2 

104.9 

102.6 

100.4 

97.8 

51 

117.5 

115.2 

113.0 

110.6 

108.1 

105.8 

103.5 

101.1 

98.6 

52 

118.4 

116.1 

113.9 

111.2 

109.0 

106.5 

104.3 

102.0 

99.5 

53 

119.4 

117.1 

114.8 

112.3 

110.0 

107.4 

105.2 

102.9 

100.4 

54 

120.2 

118.0 

115.7 

113.0 

110.8 

108.2 

105.9 

103.4 

101.1 

55 

121.1 

118.85 

116.2 

113.9 

111.4 

109.0 

106.6 

104.0 

101.7 

56 

122.1 

119.8 

117.3 

114.9 

112.3 

109.9 

107.5 

105.0 

102.6 

67 

123.1 

120.8 

118.3 

115.9 

113.2 

110.9 

108.3 

106.0 

103.4 

58 

124.0 

121.5 

119.2 

116.7 

114.1 

111.6 

109.2 

106.8 

104.2 

59 

124.9 

122.2 

120.0 

117.5 

115.0 

112.4 

110.0 

107.4 

105.0 

60 

125.8 

123.1 

120.9 

118.2 

116.8 

113.4 

110.8 

108.2 

105.8 

61 

126.6 

124.1 

121.5 

119.0 

116.5 

114.0 

111.4 

108.8 

106.2 

62 

127.7 

125.1 

122.7 

120.0 

117.6 

114.9 

112.2 

109.8 

107.2 

63 

128.6 

126.1 

123.5 

120.8 

118.4 

115.8 

113.1 

110.6 

108.0 

64 

129.6 

127.0 

124.4 

121.8 

119.2 

116.7 

114.0 

111.4 

108.9 

65 

130.5 

128.0 

125.3 

122.9 

120.0 

117.6 

114.9 

112.2 

109.5 

66 

131.6 

128.9 

126.2 

123.8 

121.0 

118.4 

115.9 

113.1 

110.4 

67 

132.5 

129.9 

127,2 

124.6 

122.0 

119.3 

116.6 

118.9 

111.2 

68 

133.5 

130.9 

128.3 

125.5 

122.9 

120.1 

117.6 

114.8 

112.2 

69 

134.5 

131.8 

129.2 

126.4 

123.8 

121.1 

118.4 

115.6 

113.0 

70 

135.6 

132.8 

130.2 

127.4 

124.7 

121.9 

119.2 

116.5 

113.9 

71 

. 136.5 

133.8 

131.0 

128.3 

125.7 

122.9 

120.1 

117.2 

114.8 

72 

137.4 

134.8 

132.0 

129.2 

126.5 

123.6 

121.0 

118.1 

116.6 

73 

138.4 

135.7 

133.0 

130.2 

127.3 

124.6 

121.9 

119.0 

116.3 
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Table ^ (Cont'd) * Total Black Body Radiation to 
Surroundings at Absolute Zero 


Mean 

Radiant 

Tbup.. 

"F 

Euissrv'iTY e 

1.0 

0.98 

0.96 

0.94 

0.92 

0.90 j 

0.88 

0.86 

0.84 

Radiation, Btu per Sq. Ft. per Hr. 


74 

139.6 

136.7 

134.0 

131.2 

128.4 

125.6 

122.8 

120.0 

117.2 

75 

141.0 

138.2 

135.4 

132.5 

129.8 

126.9 

124.0 

121.2 

118.4 

76 

142.0 

139.1 

136.4 

133.5 

130.8 

127.8 

125.0 

122.1 

119.2 

77 

143.1 

140.1 

137.5 

134.5 

131.8 

128.8 

126.0 

123.0 

120.2 

78 

144.1 

141.1 

138.4 

135.6 

132.7 

129.7 

126.9 

123.9 

121.2 

79 

145.3 

142.3 

139.6 

136.8 

133.8 

130.8 

128.0 

125.0 

122.1 

80 

146.6 

143.6 

140.9 

137.9 

134.9 

132.0 

128.9 

126.1 

123.2 

81 

147.3 

144.3 

141.5 

138.6 

135.8 

132.9 

129.8 

126.9 

123.9 

82 

148.5 

145.5 

142.7 

139.6 

136.8 

133.7 

130.8 

127.8 

124.8 

83 

149.7 

146.7 

143.8 

140.8 

137.8 

134.7 

131.7 

128.7 

125,7 

84 

150.9 

147.9 

144.9 

141.9 

138.9 

135.8 

132.8 

129.7 

126.8 

85 

152.3 

149.3 

146.3 

143.2 

140.2 

137.1 

134.1 

131.0 

128.0 

86 

163.1 

150.1 

147.1 

144.1 

141.0 

137.8 

134.9 

131.9 

128.8 

87 

164.2 

161.2 

148.1 

145.0 

142.0 

138.8 

135.8 

132.8 

129.6 

88 

165.4 

152.3 

149.4 

146.1 

143.0 

139.9 

136.9 

133.7 

130.8 

89 

156.2 

163.1 

150.1 

147.0 

143.8 

140.6 

137.7 

134.4 

131.3 

90 

167.9 

154.8 

151.8 

148.4 

145.2 

142.1 

138.9 

136.7 

132.6 

91 

169.0 

166.9 

152.8 

144.7 

146.3 

143.1 

140.0 

136.9 

133.6 

92 

160.1 

167.0 

164.0 

150.8 

147.2 

144.1 

141.0 

137.8 

134.5 

93 

161.1 

157.9 

155.0 

151.5 

148.3 

145.0 

141.9 

138.5 

135.2 

94 

162.3 

169.1 

166.0 

152.6 

149.4 

146.1 

142.9 

139.8 

130.2 

95 

163.7 

160.3 

167.1 

153.9 

160.7 

147.3 

144.0 

140.8 

137,5 

96 

164.8 

161.4 

158.1 

154.9 

161.7 

148.3 

146.0 

141.6 

138.3 

97 

166.0 

162.8 

159.4 

156.1 

162.8 

149.4 

146.1 

142.8 

139.2 

98 

167.0 

163.8 

160.3 

167.0 

153.7 

150.3 

147.0 

143.6 

140.2 

99 

168.1 

164.9 

161.3 

158.0 

154.9 

151.3 

148.0 

144.6 

141.1 

100 

169.6 

166.1 

163.0 

159.5 

166.1 

152.6 

149.2 

145.9 

142.4 

101 

170.9 

168.3 

164.0 

160.5 

157.0 

153.8 

150.2 

147.0 

143.7 

102 

172.1 

168.9 

165.2 

161.8 

158.3 

154.9 

151.5 

148.0 

144.6 

103 

173.8 

170.1 

166.9 

163.2 

169.9 

166.4 

153.0 

149.3 

146.0 

104 

175.0 

171.5 

168.0 

164.8 

161.0 

167.5 

154.1 

150.6 

147.0 

106 

176.1 

172.8 

169.1 

166.8 

162.2 

158.5 

155.0 

161.6 

148.0 
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Table 4 (Cont'd)-Total Black Body Radiation to 
Surroundings at Absolute Zero 


Mean , 
Radiant 

Emissivity e 

Temp.j 

t.O 

0.98 

0.96 

0.94 

0.92 ■ 

0.90 

m 

0.86 

0.84 




Radiation. Bio per Sq. 

Ft. per Hr. 




106 

177.3 

173.8 

170.3 

166.9 

163.1 

159.6 

156.1 

152.6 

149.0 

107 

178.5 

175.0 

171.5 

167.9 

164.2 

160.7 

157.0 

153.5 

150.0 

108 

179.5 

176.0 

172.5 

168.8 

165.0 

161.6 

158.0 

154.4 

150.8 

109 

180.5 

177.0 

173.4 

169.5 

166.0 

162.5 

158.9 

155.2 

151.7 

110 

181.6 

177.9 

174.3 

170.8 

166.9 

163.5 

159.9 

156.2 

152.6 

111 

182.6 

178.9 

175.3 

171.8 

168.0 

164.3 

160.8 

157.1 

153.3 

112 

183.7 

180.0 

176.2 

172.6 

169.4 

165.3 

161.7 

158.0 

154.2 

113 

185.1 

181.3 

177.9 

174.0 

170.4 

166.6 

162.9 

169.0 

155.7 

114 

186.0 

182.2 

178.8 

175.0 

171.2 

167.4 

163.8 

160.0 

156.3 

116 

187.6 

183.8 

180.2 

176.2 

172.8 

168.8 

165.0 

161.2 

157.5 

116 

189.0 

185.2 

181.6 

177.8 

173.9 

170.1 

166.3 

162.5 

158.8 

117 

190.2 

186.4 

182.9 

179.0 

175.0 

171.2 

167.5 

163.7 

159.9 

118 

191.6 

187.8 

184.0 

180.0 

176.2 

172.4 

168.7 

164.9 

160.8 

119 

192.9 

189.0 

185.2 

181.2 

177.5 

173.6 

169.8 

165.9 

162.0 

120 

194.8 

190.8 

187.0 

183.0 

179.2 

175.4 

171.2 

167.6 

163.8 

125 

199.5 

195.6 

191.5 

187.6 

183.6 

179.5 

175.8 

171.5 

167.8 

130 

208.5 

205.1 

200.2 

196.2 

191.8 

187.8 

183.4 

179.4 

175.3 

140 

223.4 

218.5 

214.5 

209.6 

205.5 

201.2 

196.7 

192.2 

187.6 

150 

238.5 

234.0 

229.3 

224.4 

219.5 

214.8 

211.0 

205.2 

200.1 

160 

255.2 

250.0 

245.0 

239.8 

234.7 

239.8 

224.7 

219.5 

214.4 

170 

271.6 

266.1 

260.8 

255.4 

249.8 

244.3 

239.0 

233.3 

227.8 

180 

289.2 

283.4 

277.9 

272.1 

266.1 

260.3 

254.3 

248.5 

243.2 

190 

307.8 

301.7 

295.6 

289.3 

282.9 

277.0 

270.7 

264.4 

258.7 

200 

326.5 

320.7 

314.0 

307.2 

300.5 

294.2 

287.8 

281.5 

274.7 

210 

347.1 

338.0 

333.6 

326.2 

319.3 

312.2 

305.8 

298.4 

291.8 

220 

368.2 

361.1 

353.9 

346.1 

338.8 

331.7 

324.1 

317.0 

309.5 

250 

438.0 

428.6 

419.8 

411.1 

402.5 

393.9 

385.5 

377.0 

368.1 

300 

574.5 

563.5 

551.5 

639.7 

528.2 

516.8 

506.0 

494.0 

482.5 

360 

744.0 

729.6 

714.0 

699.7 

684.8 

666.9 

656.0 

639.7 

624.5 

400 

944.2 

925.5 

906.5 

887.5 

869.5 

849.2 

831.5 

811.7 

793.2 

450 

1180.5 

1156.9 

1133.3 

1109.7 

1086.1 

1062.5 

1038.8 

1015.2 

991.6 

600 

1462.2 

1433.0 

1403.7 

1374.5 

1345.2 

1316.0 

1286.7 

1257.6 

1228.2 
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then long rays seem to be absorbed by the glass and raise its 
temperature. This can be confirmed by taking the surface tem¬ 
perature of windows in cold weather, both towards and away 
from the sun. It is invariably found when carrying through a 
series of tests that the temperature of the surface varies for 
what appears to be no apparent reason. It will be realized, there¬ 
fore, that it is not possible from laboratory experiments only 
or from any one installation to work out a formula or prepare 
reliable data which can be used on all kinds of jobs and with all 
materials with which the heating engineer has to deal. 

Some of the variation in the surface temperatures of windows 
is probably due, in part, to the inconsistency of commercial glass, 
especially in connection with its diathermic qualities. Apart 
from the effect of local infra-red rays reaching the glass, the 
surface temperature of glass is also affected by radiation from 
or to the upper stratosphere, a factor which is known to affect 
seriously the heat losses through skylights, and also from build¬ 
ings constructed mainly of glass. Since it is not possible to get 
reliable results simply by using the film coefficient and overall 
conductance factor, it becomes imperative to exercise empiricism 
in deciding some surface temperatures, especially that of glass. 
Fortunately, the percentage of glass surface to other surfaces 
in an ordinary residential room is generally small, so that the 
seriousness of an incorrect estimation of glass surface temper¬ 
ature may not be too great. If, however, the glass surface in 
any room is large in relation to the other surfaces, it will be wise 
to assume lower rather than higher surface temperatures. The 
surface temperatures of other materials may be calculated with 
a greater degree of certainty. The author has found it safer to 
rely more on the results of actual experience and tests than on 
purely theoretical formulae. Realizing, however, the need of 
some basis on which to estimate surface temperatures, the author 
introduces the formula given later as being fairly reliable, since 
it agrees quite well with the average conditions found when 
using ordinary materials for building construction. It must be 
realized that data obtained from laboratory tests can be very 
helpful in determining the relative performance of certain sur¬ 
faces and material, but these data may prove to be very mislead- 
iuR if, when applied to actual systems, due regard is not given 
to the many varying factors which present themselves in actual 
installations. In estimating the surface temperature and total 
heat losses for glass, due consideration should be given to cur- 
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tains, drapes, and Venetian blinds, since the presence of any of 
these will modify the cooling effect very considerably. 

If draperies, for instance, cover one-third of the glass area, 
then it can be assumed that the surface temperature of the 
draperies will be within 2 or 3 degrees of the room temperature 
and we have only two-thirds of the glass area at the temper¬ 
ature given by Fig. 16, and one-third (for the draperies) at ap¬ 
proximately 65®F to 66®F. 

If Venetian blinds are used, much will depend upon whether 
the blinds are raised completely during the daytime or whether 
only the slats are opened. In many residences the slats are 
tilted sufficiently to obtain some light, but the blinds are kept 
lowered at all times. This is usually done for the sake of ap¬ 
pearance, but it does add considerably to the warmth of the room. 
If this can be relied on at all times, and if advantage may be 
taken of this in allowing less heat, it can be safely assumed that 
the heat loss from a window thus covered will be approximately 
50% of its normal amount. In other words, there will be a 50% 
reduction on the transmission losses and the surface temperature 
may be taken as the mean between the temperature of the room 
and the actual glass surface temperature obtained from Fig. 16. 

Carpets, linoleum, and other floor coverings will affect the 
floor surface temperature and also the heat emission; these fac¬ 
tors will be dealt with in Chapter 8. 

For average room conditions the chart shown in Fig. 15 gives 
the surface temperature for 68®F air temperature and an MRT 
of 72®F, with zero temperature outside, when standard mate¬ 
rials are used with a surface conductance equivalent to that of 
smooth plaster. The temperatures obtained by this chart have 
been found by the author to be fairly reliable and the results 
may be used with safety. For other air and MRT conditions, 
the formula given later may be used with good results, while the 
chart shown in Fig. 16 gives the surface temperature for other 
outside temperatures. If, on the other hand, special surfaces not 
tabulated are provided, or if exceptional conditions prevail, such 
as heat transmission from pipe coils or ducts on opposite side of 
floor or ceiling, additional heat from solar rays, etc., outside 
wind velocity, or reflection from adjacent buildings, then these 
controlling factors must be given due consideration when com¬ 
puting the average surface temperatures. While it will be found 
that similar surfaces will give different surface temperatures on 
various jobs for no apparent reason, the figures given in Fig. 16 
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present a fairly reliable average and invariably give good re¬ 
sults. If the room temperature conditions are higher than that 
stated above, then the unheated surface temperatures will be 
somewhat higher than those given by the charts, but, neverthe¬ 
less, it will be safe to assume these surface temperatures when 
making calculations for heat requirements. 

When it is necessary to calculate the temperature of unheated 
surfaces for i*oom conditions different from those set down in 
Figs. 16 to 17, inclusive, the following formula may be safely 
used: 

2Ta -j- Tq, 

T 3 — U X C — T,) in which =- 

3 

where =: Temperature of unheated surface, 

Ta s=r Temperature of air in room, 

T„ e= Mean radiant temperature, 

To = Outside temperature, 

C =s Constant (see Table 5), 

U — Overall coefficient of heat transmission in Btu 
per square foot per hour per degree dilT. 

For unheated surfaces opposite or adjacent to heated panels, 

add to the result (T#) as follows: 

Add 2®F to the ceiling temperature when floor is heated ; 

Add 1%®F to the floor temperature when ceiling is heated; 

Add 1®F to the ceiling temperature when walls only are heated; 

Add y 2 ®F to the floor temperature when walls only are heated; 

Add V^°F to the wall temperature when floor is heated; and 

Add 1®F to the wall temperature when both floor and ceiling 

are heated. 


Table 5 — Values of Internal Surface Constants, C 


Subface C 


Double glass.636 

Single glass.642 

Rough plaster.682 

Smooth plaster.688 

Plaster, papered.676 


Subpace C 


Woodwork, unpainted. .578 

Brickwork.680 

White paint.610 

Tiled surface.615 

Concrete.580 
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Fig. 18. Plan of room with 12 ft. ceiling for which MRT 
is computed in accompanying examples. 


Determining Mean Radiant Temperature (MRT) 

The most nearly correct method of determining the MRT of 
any room is to divide the sum total of radiation from all the 
inside surfaces, as obtained from Table 4, by the total surface in 
the room, and then to ascertain the equivalent surface tempera¬ 
ture which will emit this number of heat units per square foot. 
An alternative, but less accurate, method is to take the average 
surface temperature of the various surfaces. The MRT obtained 
by the latter method, however, can be very misleading, as may be 
seen by comparing the results of the two methods when applied 
to a pax’ticular room of average dimensions. 

Example: Find the MRT of the room E shown in Fig. 18, 
having the following conditions: Both inner and outer walls 
plastered and papered, hardwood floor waxed, ceiling with smooth 
plaster, and windows single glazing, assuming no drapes or 
blinds; properties of surfaces as follows: 


Surface 

Sq. Ft. 

Heat 

Transmission 

Surface 

Temp., 

Emissivity 

Inner wall 

384 

Coefficient 

U 

op 

68 

0.94 

Outer wall 

294 

.25 

59 

0.94 

Floor surface 

240 

.10 

65.2 + lyg — 

66.7 0.91 

Glass surface 

90 

.95 

27 

0.90 

Ceiling surface 240 

! 

110 

0.92 


1248 Sq. ft. Total Surface 

Average 0.93 
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Method No. 1; Using Table 4 and the foregoing data we obtain 
the following Btu emissions: 


Surface 

Sq. Ft. 


Inner wall 

384 

X 

Outer wall 

294 

X 

Floor 

240 

X 

Glass 

90 

X 

Ceiling 

240 

X 

Total 

1248 



!mlssiOD» 

Table 4 

Total Btu 
Emitted 

125.5 — 

48,192 

117.5 = 

34,545 

120.18 = 

28,833 

87.3 = 

7,857 

166.9 — 

40,000 

.427 -f- 1248: 

159,427 
= 127.74 


Total Btu per hour 
Btu per sq. ft. per hr. 


Reverting back to Table 4, we find that a surface of 72®F with 
an average emissivity of 0.93 will emit 127.85 Btu per square foot 
per hour; hence the MRT of the room shown in Fig. 18 is 
approximately 72®F. 


Method No. 2: If for the purpose of comparison we ascertain 
the MRT by taking the weighted average of the surface tenv* 
peratures only, we obtain the following: 


Inner wall 

384 

X 

68® = 

26,112 

Outer wall 

294 

X 

59® = 

17,346 

Floor 

240 

X 

66.7® = 

16,008 

Glass 

90 

X 

27® — 

2,430 

Ceiling 

240 

X 

110° = 

26,400 

Total 

1248 

88,296 

^ 1248 = 

88,296 

70.75®F 


Therefore, the MRT found by using the surface temperature 
equals 70.75®F compared with the 72®F obtained by using the 
more correct radiation method, or a difference of only 1.25*F. 

If, on the other hand, the emissivity of the various surfaces in 
the room under consideration were somewhat higher, the results 
would be very different. Assuming an emissivity of 0.96 for the 
walla and ceiling and 0.93 for the floor, and using Table 4, we 
obtain the Btu values per square foot as given below and these 
are then multiplied by the square feet of surface, as follows: 
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Temp., 


Btu per 



Total 

Surface 

op 

Emiss. 

Sq. Ft. 


Sq. Ft. 

Btu 

Inner wall 

68 

0.96 

128.3 

X 

384 — 

49,267 

Outer wall 

59 

0.96 

120.0 

X 

294 = 

35,280 

Floor 

66.7 

0.93 

122.85 

X 

240 = 

29,484 

Glass 

27 

0.90 

87.3 

X 

90 = 

7,857 

Ceiling 

110 

0.96 

174.3 

X 

240 — 

41.832 


Total 1248 163,720 

163,720 1248 = 131.2 Btu per sq. ft. per hr. 


From Table 4 we find that a surface of 73i/4®F and average 
emissivity — 0.95 will emit 131.9 Btu per square foot per hour; 
hence the MRT can be assumed to be 73.5°F, or 2.5°F higher than 
that obtained by using the surface temperature only. 

It may be considered by some heating engineers that the dif¬ 
ference is relatively small compared with the amount of work 
involved in calculating the Btu emission, and it is true that in 
some cases the MRT calculated by the two methods does compare 
fairly closely, but since the shorter method cannot be relied on 
for all types of room construction and surfaces used, it is safer 
to use the radiation method. Consequently, the longer Btu method 
will be adopted in all calculations used in this book. 

It must be understood that while the Btu method gives the 
more accurate figure for the MRT of the surfaces of the room, 
other objects in the room will all have surfaces at various tem¬ 
peratures ; many of these, furthermore, will be exposed to the 
human body. Thus, articles of furniture will absorb heat from 
the air, radiant panels, and from occupants of the room, and will 
give off heat by convection to the air with which they are in 
contact until a state of equilibrium is reached. Some of the heat 
these articles of furniture receive from the radiant panels will, 
of course, be reflected to other surfaces or to the human body. 
When a room is occupied by many people, it is quite probable that 
chairs and similar articles will absorb heat from the occupants by 
conduction and impart the heat to the air by convection, and to 
other surfaces by radiation. 

The whole process of heat exchanges within a room is com¬ 
plicated, as is the heat generated and heat lost by the human 
body, and it is only by analyzing data compiled from a large 
number of actual installations knovra to be successful that we 
are able to design systems with any degree of certainty. This 
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does not imply that radiant heat installations present insur¬ 
mountable difficulties, for a radiant heating installation is just 
as simple to design as a good convector or cast iron radiator 
system. Therefore, instead of suggesting that care be exercised 
in designing a radiant heat system, it may be more correct to 
say that care in designing is an absolute necessity with any type 
of heating, if comfort and efficiency are to be expected. The rules 
for designing a radiant heating system, when understood, are 
simple and will be explained as clearly as possible in subsequent 
chapters. 



CHAPTER 6 

TEMPERATURE STUDIES IN RADIANT 

HEATED ROOMS 


There are several methods of applying radiant heat to a build¬ 
ing, but before considering practical applications, it will be 
advantageous to study the distribution of heat rays in typical 
radiant heated rooms. 

Studies of Rooms Heated by Convection 

Figs. 19 and 20 illustrate diagrammatically typical conditions 
in a room heated by a concealed heater and a cast iron radiator, 
respectively, while Fig. 21 indicates the temperature gradient to 
be expected in rooms so heated. It will be noted that in each case 
the highest air temperature is at ceiling level. This is because 
the warm and lighter air, following the laws of gravity, rises to 
the ceiling where it remains until it has given up part of its heat 
to the colder ceiling. If there is an exhaust grille or other opening 
at the high level, either in the ceiling or wall of the room, or an 
open transom over the door, then much of the warm air will 
escape through this opening before giving up any of its heat for 
useful purposes. As more warm air rises from the source of 
supply, the air at the ceiling level which does not escape gives 
up some of its heat to the ceiling and then falls gradually to 
the floor, creating a temperature gradient from ceiling to floor, 
as shown in the graph. Fig. 21. The slope of this gradient will 
depend largely on the temperature of the air leaving the heater 
and the rapidity with which the air circulates or diffuses in the 
room. Such circulation is, however, adverse to real comfort and 
health, since the feet are surrounded with air which is much 
cooler than the air which surrounds the head. It is invariably 
found that the occupants in such a room will complain of cold 
feet even though the air at breathing level is actually overheated. 
This is due to the fact that no radiant rays reach the occupant 
to protect the body against radiation losses; while, on the other 
hand, a steady stream of cool air passes over the feet and legs, 
taking away very rapidly the heat from these members. The 
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Fig. 19. Temperature distribution in a room heated with a 
concealed heater or a warm-air system. 
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Fig. 20. Temperature distribution with a steam radiator 
average observation in rooms 9 or 10 ft. high. 
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feet, which are in contact with the cold floor, furthermore, lose 
considerable heat by conduction and this aggravates the condition 
of discomfort. 

Another disadvantage of so-called radiator heating is that the 
warm air passing over the windows directly after leaving the 
radiator or convector suffers a much greater loss of heat through 
the glass than would be the case with air at room temperature 
and without the scrubbing action of the air over the glass. 
Further, in the case of very high buildings, the warm air rising 
to the high level of each room on all floors produces higher 
temperatures in the corridors and elevators and accentuates the 
chimney effect of such buildings, a problem which presents great 
difficulties to all heating engineers and architects. The gradua¬ 
tion of heating surfaces at various heights in tall buildings is 
only a partial remedy, since such compensating effect does not 
hold good under all weather conditions. 



Fig. 21. Chart showing average recorded temperatures at various 
heights for heating with radiators and convectors, respectively. 
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Studies of Radiant Heated Rooms 

Much has been said and written about the best method of pro¬ 
ducing heat rays in connection with radiant heating, and the 
relative virtues of ascending and descending rays have been 
emphasized. By careful analysis, however, it will be found that 
many of these statements are prompted by a commercial view¬ 
point, and the respective advantages are invariably emphasized 
according to the produce to be sold or the particular system 
involved. It is sometimes claimed that because the rays from the 
sun reach us from above, the ceiling is the correct position for 
heated panels. This, however, is not substantiated by the facts 
because many of the short rays leaving the sun impinge on the 
earth and other objects around us, re-radiating long infra-red 
rays from all angles. The impingement of the sun’s rays is some¬ 
thing we often try to avoid by use of canopies or sun-shades, and 
there appears to be no sound basis for the argument that rays 
should come from above. 

Some advantages can be claimed for almost every position of 
the heating panel, but it is by correct discrimination of location 
and temperatures, according to the type of room, that a heating 
engineer can select the best method for the particular problem in 
hand. It has been claimed that in Europe, where the infra-red 
ray method of heating was first introduced, ceiling heat is 
advocated more than floor heating. This also is not substantiated 
by the facts, because today, hundreds of European schools relying 
on open windows or open side walls for ventilation have nothing 
but floor heating, with entirely satisfactory results. Many schools, 
hospital wards, and churches rely entirely on heated floors or 
panels in the walls, the latter being generally placed vertically 
between the windows. 

Figs. 22 to 25 illustrate diagrammatically the average effect 
of thermal radiation with rays emitted from a heated floor, wall, 
and ceiling, respectively. The air temperatures given in these 
diagrams are based on the following surface temperatures: 

Floor surface in Fig. 22 ^ 85®F 

Ceiling surface in Fig. 23 = H0°F 

Iron panel surface in Fig. 24 = 135®F 

It will be noted that in Fig. 22 the air temperature near the 
floor is several degrees higher than the air temperature at 
breathing line, but at levels from 12 inches to 14 inches upwards 
the temperature is practically constant. The warmer air sur- 



Fig. 22. Room with heated floor, constructed with 
ordinary flooring material. 

rounding the feet and lower part of the legs adds comfort while 
the occupant of the room is enabled to breathe air at a cooler 
temperature. 

Fig. 25 illustrates the temperature gradient normally existing 
in a room with heated panels in the floor, walls, and ceiling. In 
all these examples it will be noted there is no exceptionally high 
temperature at the ceiling, as is the case with the steam radiator 
or convector method of heating illustrated in Fig. 21. Because of 
the lower air temperature which exists at the ceiling with radiant 
heating, the heat loss which takes place through the ceiling is 
much smaller than that with other systems. Furthermore, the 
heat loss when air escapes at any high level opening is very 
much less, and the chimney effect on high buildings is reduced 
to a minimum. Infiltration losses are reduced also because the air 
is cooler and, therefore, more dense. 

Some Comments on Panel Location 

The slight increase in the temperature of the air close to the 
ceiling when the floor is heated, indicated in Figs. 22 and 25, is 
largely due to the fact that some of the heat rays emitted from 
the floor are absorbed by the ceiling. These rays heat the ceiling 
surface slightly and warm the air directly in contact with the 
ceiling. 
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In Fig. 23 the rays which are emitted from the ceiling will, if 
not intercepted by furniture or other obstacles, impinge on the 
floor and create somewhat the same effect on the floor as rays 
from the heated floor have on the ceiling. (See Fig. 22.) Because 
of the descending rays from a heated ceiling, serious considera¬ 
tion must be given to the effect of low ceilings if ceiling heat is 
contemplated. With rooms eight or nine feet high and higher 
there is very little danger, but with very low ceilings a surface 
temperature of 110®F may become objectionable because of its 
close proximity and consequent effect on the head when the 
occupant is standing. The author does not recommend a ceiling 
surface temperature above 100®F for an eight-foot ceiling, or 
95®F if lower than eight feet. 

One other disadvantage with ceiling heating only is that under 
some conditions a person sitting at a desk or table may have his 
legs and feet screened from the heat rays while the head and 
shoulders will receive the full shower of rays direct from the 
ceiling, with resulting lack of comfort. However, if there is no 
large amount of glass or other cool surface, and if the floor is 
well insulated or a heated room below prevents the floor surface 
from being exceptionally cold, this effect may not be very notice¬ 
able. It is invariably found that all internal surfaces will 
gradually be raised in temperature by the absorption of heat 
rays from the ceiling and these in turn will emit longer infra¬ 
red rays to the accupant. A very cold floor, however, can prove 
to be quite objectionable. 



Fig. 23. Room heated with celling panels showing reflected rays. 
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Fig. 24. Room heated with panel under windows. 



Fig. 25. Chart showing average recorded temperatures at various 
heights with floor, wall, and ceiling heating, respectively. 
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Heated ceilings are found to be very satisfactory for hospitals 
and similar institutions where the infra-red rays descending 
from the ceiling can impinge on the patient in bed. It is claimed 
that these infra-red rays have some therapeutic effect in addition 
to their primary function of keeping the patient warm. For 
operating amphitheatres there seems to be nothing more nearly 
approaching perfection than to have both the walls and ceilings, 

and, in some cases, the floor heated. 

Heated panels in the wall have been found to be quite satis¬ 
factory, as this method combines some of the advantages found 
in both the ceiling and floor method. One serious disadvantage 
of wall panels, however, is that it is possible to place a large piece 
of furniture in front of the heated surface and thereby annul 
its heating effect. It can, of course, be held that a heated panel 



Fig. 26. Fabricated radiant surface piers for large departments. 
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in a side wall should be kept as free of furniture as a window or 
door, but since it is impossible to see where the panel is on a 
papered or plastered wall, new tenants or occupants of a room 
may be unaware of its location. Heated walls will invariably 
induce an upward current of air and sometimes the slow moving 
air over the surface of the floor will cause the occupants’ feet 
to become cold. 

A convenient place for side wall panels in a residence or office 
building is under windows where there is less risk of screening 
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by the placing of furniture. In this position a heated panel will 
also take care of any down-drafts which may occur from large 
or leaky windows. Another convenient place is between the win¬ 
dows from floor to ceiling, as is often found in hospital wards, 
schools, and churches. Coil panels may be effectively used in 
rectangular columns in stores, as shown in Fig 26, or at the 
end of book shelves in libraries, as illustrated in Fig. 27. Some¬ 
times dummy columns, as shown in Fig. 26, are erected in large 
commercial establishments for the sole purpose of adding radiant 
surfaces at special parts of the room. 

Heated floors offer many advantages since they provide the heat 
where it is most urgently required, but owing to the limited 
surface temperature of a floor, it is not always possible to heat 
the room sufficiently from the floor only. Since more attention 
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Fig. 28. Surface temperature etudles with etudenta at work. 
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by a kata thermometer, described in Chapter 4, and the room 
ventilation was controlled by opening or closing windows to 
obtain the desired cooling power. 

These graphs indicate the relative skin temperatures for cooling 
powers of 6.5 and 8.5, respectively. Incidentally, from the observa¬ 
tions made on many young persons, it appears safe to assume 
that the emissivity of the skin is close to that of lampblack. This, 
however, is not so definite with older persons whose skin may 
have become somewhat hardened. 

Note that in both tests the temperature of the feet dropped 
after the test started, and in the case of the convected heat the 
drop in temperature was quite considerable. The fingers also 
became cooler, and this too was more pronounced with convected 
heat. 

The graphs shown in Fig. 30 are studies of the time taken to 
complete a manual operation when a person is working under 
different cooling powers. No specific significance is attached to 
the temperature of the fingers (since girls’ fingers are invariably 
much colder than men's) but the study is interesting from a 
production point of view because it indicates how the temperature 
of the hands does affect the work output. 

The first object in designing the construction for a residence 
or office is to make sure that all exposure losses are reduced to a 
minimum by using weather stripping, double glazing or storm 
windows, and by well insulating the exposed walls, roof, and floor. 
By these means the natural MET of the unheated surfaces will be 
raised, insuring greater comfort, and the heat loss from the room 
will be reduced. This will decrease the amount of heated surface 
required and result in a considerable saving in the initial cost 
of the heating installation, a reduction in fuel consumption, and 
a more perfect balance of heat with no cold spots. 

In selecting the finish of interior unheated surfaces, full 
advantage of all reflected rays should be taken, for, by so doing, 
great economy can be effected. 



CHAPTER 7 

RADIANT HEATING WITH 
CEILING PANELS 

AH' of the following methods for providing radiant heating 
have been used: 

By the warming of plaster on interior walls and ceiling sur¬ 
faces ; 

By embedding hot water pipes in concrete floors; 

By placing hot water or vapor steam pipes in spaces under 
floors; 

By circulating warm air through shallow ducts under the floor, 
or in spaces formed in the side walls; 

By attaching to walls or ceilings separate cast or fabricated 
metal plates with passages formed on the back of the plates for 
use of hot water or low pressure steam as a heating medium; 

By the use of electrically heated metal plates or glazed Are clay 
panels; 

By electrical conductors embedded in the plaster, and 
. By the use of electrically-heated tapestry formed into portable 
screens or hung on the walls of the room. 

Of these various methods of providing heated surfaces for 
producing infra-red rays in a room, ceiling and wall heating 
is probably the most popular, simply because it was one of the 
first practical applications adopted in Europe after the patents 
were taken out. The original method, however, was to embed 
pipes in the baseboard of a room, but since the heat given off 
by radiation from this was invariably insufficient to meet the 
total heat losses from the room, the methods of using the ceiling 
and walls were then adopted. Experience abroad showed that by 
allowing air to pass at the back of the baseboard, additional heat 
could be obtained by convection, but this method was considered 
unsatisfactory from a hygienic standpoint, and the darkening of 
the walls above the baseboard caused this method to fall into 
disfavor and was not developed. 

Essentially, the principle adopted in heating ceilings and walls 
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is to embed pipe coils in the plaster of walls and ceilings, the 
heating medium being hot water circulated through the pipe 
coils. These coils are generally constructed of small bore wrought 
iron or steel pipe, usually Va inch or % inch inside diameter, 
and spaced 6 inches to 9 inches apart, although in some cases 
the pipes may be spaced only 4 inches apart. In some instances 
where non-ferrous pipes have been installed, inch and % inch 
diameter pipes have been used, but care must be taken not to 
reduce the size of the pipes too much because of the extra 
frictional resistance involved. The theoretical resistance of 
copper pipes is, of course, less than the rougher surface of 
wrought iron or steel pipes, but unless care is exercised in making 
up copper pipe coils, the kinks and indentations left in the pipes 
may more than outweigh the advantage of the smoother surface. 
The temperature of the circulating water should never exceed 
130®F because of the risk of cracking the plaster. In some of 
the very early installations the embedded pipes were made of a 
pewter composition, the general composition being four parts of 
tin and one of lead. Later, however, wrought iron pipes were used 
because of the greater durability of the metal. At the present 
time both wrought iron and steel pipes are being used, although 
when initial costs are not of prime importance, wrought iron 
appears still to hold favor. 

Many other metals and alloys are being placed on the market 
for use with radiant heat, and this promises to add greater 
interest to what once appeared to be an exclusive market. Dur¬ 
ing the last few years there has been a serious effort made to 
use copper pipes for the embedded coils, and much valuable re¬ 
search work has been carried out in this direction. Several in¬ 
stallations have already been made with good results. The author 
personally has made a number of tests with copper pipe, and 
these will be referred to in a later chapter. In the new Bank of 
England, erected in London several years ago, copper pipes were 
used for the coils, and while at that time it was considered to be 
more expensive than steel or wrought iron, everything so far 
has proved satisfactory. 

Radiant heating is undoubedly a wide field for pipe manufac¬ 
turers because any of the ordinary metals may be used if pro¬ 
vision is made, when designing the system, to allow for any 
special characteristics associated with the particular metal to 
be adopted. To those who have to take the responsibility, how¬ 
ever, the author wishes to point out that it becomes a very serious 
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condition if the pipes begin to fail because of corrosion or be¬ 
cause of the breaking down of the material caused by strains set 
up by unequal expansion and contraction between the metal and 
the material in which it is embedded. Much of this can be avoided 
if care is taken to see that the ingredients of concrete and plaster 
are free from possible corrosive agents and that the system is 
so designed that too much expansion is not made possible by hav¬ 
ing the embedded pipes too long, or by too much variation in 
temperature. There are many methods by means of which the 
pipes may have unlimited scope for expansion, so that expansion 
and contraction difficulties may be easily overcome. It should be 
remembered, however, that when considering the question of 
unequal expansion the metal pipe is slightly hotter and expands 
more quickly when heating up than the material in which it is 
embedded. This means that the coefficient of expansion of the 
metal should, if possible, be less than the coefficient of expansion 
of the material in which it is embedded. When the metal has a 
peater coefficient expansion than the concrete or other material 
in which it is embedded, then shorter coils are preferred, so that 
the total relative expansion is reduced to a minimum. 


Types of Ceiling Constructions 

The method of installing ceiling coils depends largely on the 
construction of the ceiling. For concrete ceilings the pipe coils 
are usually laid on the wood forms and levelled ready for the 
concrete floors to be cast. The vertical risers and other circuit 
pipes are usually installed in recesses formed in the walls where 
shut-off valves and flow control valves are concealed to control 
the flow of water through each coil or room. Fig. 31 shows a 
hospital ward with ceiling panels. 

Work on these installations commences earlier than with other 
heating systems, and close collaboration between the heating and 
floor contractors is necessary. Erectors follow the shuttering 
(the workmen who place the wood forms for the concrete). 
After this the welders make the joints, the testers mark each 
section as they Anally pass the work, and no confusion or delay 
is created. 

Many installations have been made in Europe with as many 
as 40,000 to 50,000 welded joints and these have stood the test 
of time, some for as long as thirty years without any trouble. 
Screwed joints can, of course, be used for valves and in the boiler 
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Fig. 31. Hospital ward with pipe coll In concrete ceiling covered with plaster. 
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Fig. 32. Transverse section of hollow tile floor with pipe coil, 
covered with plaster, to heat ceiling below. 


house for the purpose of connecting up boiler and circulator. 
Provision is made at these places to disconnect the pipes at any 
time when desirable. 

With a building: having: more than one story to heat, it is very 
essential, with either floor or ceiling heat, to consider carefully 
the effect of heat transmission through the floor. It is such a 
remote possibility that a floor or ceiling can be constructed to 
give the correct amount of heat in both directions at the same 
time to deal with one room above and one room below from one 
set of coils, that it may be entirely ruled out as even a possibility. 
Therefore, a floor and ceiling construction must receive careful 
consideration when a radiant heat job is designed for a building 
of more than one story. If, however, it is intended to allow an 
undetermined amount of heat to pass through a ceiling construc¬ 
tion, merely for tempering a room above or to allow some heat 
to pass through a floor construction to give some heat to a base¬ 
ment, then, providing suflficient pipe surface is added to the coil 
to meet both requirements, this may be undertaken. 

The methods used for ground floor construction will be dealt 
with in the next chapter, but for upper floors the room above 
and the room below are interrelated and must be considered ac¬ 
cordingly. Heating engineers and architects will have no diffi¬ 
culty in designing floors to meet these conditions, but the follow- 
mg methods which have already been adopted are worthy of 
consideration. 

Fig. 82 illustrates a method of using hollow tiles and rein¬ 
forced concrete as a floor construction with pipe coils covered 
with plaster only. This is very effective since the hollow tiles 
offer considerable resistance to the heat conductance upwards, 
and while the construction may be a little expensive, the efficiency 
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Fig. 33. Concrete ceiling with embedded pipes 

and wood floor above. 


is high and the results dependable. These facts make it a worth¬ 
while construction. The heat transmitted upwards in this case 
will depend on the actual floor surface but, generally, it is found 
to be less than 3% of the heat given off by the pipe coils. 

Fig. 33 illustrates a concrete ceiling with pipes embedded in 
the concrete and plaster-covered. For the floor above, wood bat¬ 
tens are set into the concrete and the floor boards are nailed 
to them. Here, the air space will form a non-conductor 
For even better results the space X can be filled with granulated 
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Fig. 34. Wood construction ceiling with pipes embedded In piaster. 
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cork or other good insulating material. In this case the percent¬ 
age of heat passing upwards will be somewhat greater than for 
the construction shown in Fig. 32. If a good insulating material 
is used in the space above the concrete, and the wood floor is un¬ 
covered, the transmission upwards will be about 5% of the total 
heat from the ceiling coils. This amount of heat should be added 
to the room above when calculating heat requirements. 

Other methods are illustrated in Figs. 34 and 35, both of 
which offer considerable resistance against heat transmission 
upwards. There are, of course, many other combinations pos¬ 
sible, according to the type of building and material available. 
However, if good results are to be obtained, care must be taken 
in all cases to insulate well the space between the coils and the 
floor above to arrest the passing of heat by conduction through 
the floor construction. 

Similar constructions are recommended for ceiling heat where 
there is no heated room above. A well-insulated roof ceiling will 
give much better results in the room and save a large percentage 
of fuel which "would otherwise be wasted. 

Coils for Ceiling Panels 

The coils for ceiling panels should be constructed as recom¬ 
mended for walls, and the size should be inch or % inch in- 
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Fig* 36« Concrete floor with air apace and Insulating material 
between ceiling pipe coils and floor above* 
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Fig. 36. Wicorrect method of welding pipe connection. 


side diameter when wrought iron or steel pipes are used. The 
continuous or return bend type coil is recommended because it 
insures a constant circulation through its entire length. With the 
grid type coil there is greater rigidity and any unequal expan¬ 
sion in the pipes forming the grid creates a greater risk of crack¬ 
ing the thin plaster. There is also a possibility that some pipes 
will be short circuited, especially if a slight kink is left in any 
of the pipes during fabrication, and it requires some skill to make 
grid coils free of air pockets when placed in a horizontal posi¬ 
tion. A small air pocket in either of the pipes of a grid coil will 
retard or even stop the circulation in the pipe affected. Any such 
fault will create a difference in temperature and put a big strain 
on the plaster, thereby aggravating the risk of cracking. 

These same remarks also apply to pipe coils embedded in floors 
and must be given due consideration when dealing with floor 
heating. However, since the pipes used for floor heating are gen¬ 
erally of larger diameter, and the concrete is stronger than 
plaster, the risk is somewhat less. 

It will be found that for ordinary size coils, the continuous or 
sinuous type coil has fewer joints, but more bends. Therefore, the 
decision as to the type of coil may be made on the relative cost 
of bending and welding in the particular locality where the coils 
are made. The author, however, prefers the continuous type, 
especially for all plaster work. 
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^^hsr© the coil connsetions dr© niad© to & mdin of Idrg^cr siz©, 
the branch-off should be welded at an easy angle, as shown in 
Fig. 36, and car© must be taken when welding these joints to see 
that air pockets are not created. Some welders leave the end of 
the connecting pipe square and projecting into the main, as shown 
by dotted line at X. While this leaves an injector or ejector for¬ 
mation for the coil, depending on the direction of flow, it retards 
the circulation through the system and introduces a large num¬ 
ber of unknown factors which can cause a lot of trouble. It forms 
a restriction which will collect any foreign material which may 
be left in the system, and a stoppage may eventually take place. 
A clean internal joint is a very much safer method and forms 
an easy path for the flow of water. 

Selection and Preparation of Plaster 

Special care is necessary in selecting and preparing the plaster 
to cover pipe coils, and in doubtful cases one of the following 
specifications may be followed with safety: 

Floating — S/8 in. Thick: Calime or hydrated lime: one part. 
Sand: three to four parts (depending on sharpness). Good, long, 
clean, weU beaten ox hair in a proportion of 14 lb. of hair to each 
cubic yard of mixture, and to be well incorporated. 

The hair must be added until the mixture has been thoroughly 
incorporated in a dry state in order to damage the hair as 
little as possible before it is used. Should the rendering material 
be made up in a mill, the hair must not be added until the mate¬ 
rial has left the mill. The hair must then be worked in by hand. 
If rapid setting is required, one part of plaster may be added to 
three parts of the above mixture. 

Setting — 1/4 in. Thick: Calime or hydrated lime: one part. 
Washed or fine sand: one to one and a half parts, depending on 
quality and sharpness of sand. Mix soft and gauge with plaster 
m proportion to about one part of plaster to two parts of mix¬ 
ture. 

In applying setting coat, plasterers’ Vs in. mesh canvas scrim 
in large pieces is to be worked into this second coat, and the sur¬ 
face well worked up with a steel float as it sets. The canvas 
should be used in pieces of about two yards square and the set¬ 
ting should be kept as thick as possible. Good, clean, sharp sand 
free from loam must be used. All proportions are by volume and 
measured in dry state. 

When Wire Cloth is Fastened Directly to Coils: As an altern- 
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ative, the following method may be followed when wire cloth is 
fastened directly to the heating coils and supporting bars: 

Apply plaster in three coats as follows: Rough coat of plaster 
should consist of: Coarse sand, 4 parts; hydrated lime, 1 part; 
Portland cement, one part. 

Long ox hair should be well incorporated in the mixture. This 
should be knocked up 24 hours before being used to make it work 
easily. The surface of this coat should be scratched to form a 
key for the brown coat before it sets hard. All plaster is to be 
worked well through the mesh of the wire cloth. The plaster 
should be well trowelled into the wire cloth, as much as possible 
being worked through the mesh so as to embed the pipes as com¬ 
pletely as possible. The plaster should cover the pipes at the 
back to a thickness of not less than one inch to insure greater 
conductivity. If sufficient plaster does not cover the pipe, the 
temperature of the surface will be very uneven and much heat 
will be lost. 

For the second, or brown coat, use a mixture of one part hy- 



Fig. 37. Section of operating room with warm air ducts for 

heating cejiing, wails, and floor. 
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drated lime and three parts of sand. Incorporate ox hair as be¬ 
fore and gauge with plaster, using one part of coarse plaster to 
two parts of the mixture. This should be applied when the rough 
plaster has set hard and should be scratched to form a key for 
the white coat. 

The third or white coat should consist of three parts fine 
sand, and one part hydrated lime. Four parts of this mixture 
should be gauged with one part of fine plaster. 

This should be applied before the brown coat has set very hard, 
and scrim should be thoroughly trowelled in until invisible. The 
white coat should be 3/16 inch to 1/4 inch thick and should be 
worked up to a finished surface. The scrim should be laid on 
dry. Do not apply skimming coat of plaster over the scrim as 
this may peel off. The canvas scrim may be 6 to 8 mesh to the 
inch and used in pieces 40 inches to 48 inches wide and 48 inches 
to 54 inches long. 

Typical Ceiling Installations in Use 

Fig. 37 illustrates the section of an operating amphitheatre 
with radiant heating surfaces on ceilings, walls, and floor, as 
designed by the author and which proved very successful. In this 
case the warm air is conveyed directly from the heater to the 
ceiling of the operating room and then circulated down through 
a series of ducts formed over the whole surface of the walls down 
into shallow ducts formed under the floor. The ducts in the walls 
and floors are covered and sealed with white marble slabs, giving 
all surfaces an ideal sanitary finish which can be washed and 
kept perfectly clean. 

With this system the whole floor area is kept free for instru¬ 
ment stands and other equipment for operations. The atmosphere 
of radiant heat in an operating room, with a mild air temper¬ 
ature, is ideal for the work of the surgeon. The entire absence of 
air currents, with a moderate and constant stream of infra-red 
rays, presents a safer and healthier condition than is possible with 
any other heating system. Any movement of air in an operating 
room, especially when the air has to pass over high temperature 
surfaces not kept scrupulously clean, is likely to carry deadly 
germs and deposit them on the exposed organs of a patient. 

Another method of using pipe coils in ceilings, known as the 
Panelite system, is illustrated 'by the section. Fig. 38. In this 
method the pipes, although embedded in the ceilings or walls of 
a room, are accessible for repairs without cutting away the con- 
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Fig 38. Section through hollow tile floor showing pipes (for 
ceiling below) embedded to allow free expansion and contraction. 


Crete in which they are buried. The coils may consist of wrought 
iron, steel, copper, or other metal pipe, and are formed in a con¬ 
tinuous coil in the usual way. Around the metal tubing a loose 
U-shaped covering is fitted, made of a substance somewhat simi¬ 
lar to the finishing plaster. 

Fig. 39 illustrates a number of construction details of the 
Panelite system. In detail A of Fig. 39, S indicates the metal 
supporting strips which are fixed at intervals along each pipe, 
while C is the U-shaped cover which protects the pipe from the 
concrete when the latter is being poured. The procedure of ap¬ 
plying these coils to concrete ceilings is the same as that of em¬ 
bedding the pipes in the concrete: place the coils on the wood 
shuttering or supporting framework before the concrete ceiling 
is poured, with the covering C and supporting strips S placed in 
position. After the shuttering is removed the coils will be well 
supported and, after testing, may be covered with plaster or other 
desirable material. 

In detail B of Fig. 39, a section of the ceiling is shown after 
the plaster has been applied; it will be noted that a covering 
strip F is used between the pipe and the plaster so that the pipe 
is free to move without the risk of cracking the plaster. Detail C 
illustrates how the strips F and the ends of the springs clip the 
pipes when forced into position. Detail D of Fig. 39 shows a 
complete covering C for the pipe which is formed in two halves. 
Instead of the metal strips S being built into the concrete, it is 
possible to use removable metal strips for supporting the coils, 

as shown in E of Fig. 39. . 

In the case of a finished plaster ceiling needing repairs, it is 
only necessary to break away the thin plaster to gain access to 
the pipes. This is a simple operation compared with cutting away 
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the concrete, especially in the case of a patent floor construction 
such as illustrated in Figs. 38 and 40. 

In some cases, however, where finished plaster is not imper¬ 
ative, it is possible to cover the pipes with sound-proof or fire¬ 
proof sheets which may also be made removable, and thereby 
have the pipe coils readily accessible by removing these surface 
sheets. With this system it is possible to use pipes of any mate¬ 
rial, since the amount of expansion is relatively unimportant. It 



Fig. 39. Methods of installing pipes in ceiling to aiiow 
free expansion and contraction. 
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Fig. 40. Section through special floor construction showing 

pipe coils in ceiling. 


is also possible to use this technic in conjunction with ordinary 
hot water radiators, since the higher water temperature will not 
seriously affect the plaster. Temperatures up to 200°F have been 
used with this method, although the author recommends that a 
temperature limit of 150® F be the maximum if plaster is used 
for the finished ceiling or wall. Fig. 40 shows a floor specially 
designed for the Panelite system; the space above the coil slabs 
should contain insulation, such as aluminum foil. 

Another method of applying pipe coils to a ceiling is illustrated 
in Fig. 41, where rocklath is used before applying the plaster 
finish to the ceiling. In this case the coils were constructed with 
% inch wrought iron pipes placed 8 inches apart, so that two 
pipes are placed between each set of joists. The ceiling was con¬ 
structed with rocklath on the joists and a total plaster thickness 
of % inch. The pipes were supported at intervals of three feet 
along the length of the coils to prevent sagging, and the coils 
were carefully leveled and tested before applying the rocklath. 
After the rocklath was installed, coils were then covered on the 
top with plaster P which extends the full width between the joists. 

The purpose of the plaster around the pipes is to form a good 
^ conducting medium for conveying the heat from the pipes to the 
whole of the ceiling area. This is essential regardless of whether 
rocklath, expanded metal, or any other material is used below 
the pipes for supporting the finished plaster. The plaster was 
reinforced with wire mesh M to prevent crumbling, and to help 
conduct the heat over the whole area of the rocklath. After the 
plaster around the pipes was set, the spaces between the joists 
were filled with rockwool to a thickness of 8 inches or more. The 
ceiling plaster was added later in the usual way. With this method 
it is advisable to allow the plaster above the rocklath to dry be¬ 
fore applying the finishing plaster for the ceiling. 
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This method can be used with considerable success when it is 
desired to use the coils for cooling: in the summer as well as 
heating in the winter. The expansion and contraction of the pipes 
over the wide range of temperatures will not have a detrimental 
effect on the plaster finish since the pipes may expand freely 
above the rocklath without disturbing the plaster finish. A higher 
water temperature is recommended for this method since the 
heat has to be transmitted through the rocklath before reaching 
the plaster. 

Fig. 42 illustrates a continuous copper coil fastened to a metal- 
lath ceiling construction ready for plastering. When copper pipe 
is used, it is possible to purchase the material rolled in long 



Fig. 41. Celling construction using rocklath and plaster 

below pipe coils. 
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lengths, and complete coils can be formed on the job. In forming 
these coils, however, it is very essential to see that no kinks or 
dips are left in the pipe as these are likely to form air pockets 
which are detrimental to good circulation. Because of the pos¬ 
sibility of having kinks and indentations in the pipes when form¬ 
ing coils, it is sometimes recommended that the flow of water 
through the system be reversed, since the circulation of water 
will then tend to carry the air forward, entrained with the water, 
until it reaches the extreme end of the circuits. If under these 
conditions the connecting pipes are installed so that water flows 
upwards to the tank or air eliminator at high level, the air will 
be eliminated. This reverse flow method, of course, means oper¬ 
ating the .sy.stem at all times against the law of gravity and is 



Fig. 42. Copper pipes supported below metal lath ready 

for plaster ceiling. 
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simply a compromise to overcome a fault which every heating 
engineer should try to avoid. 

On the other hand, it is possible to overcome these obstacles 
with a descending circulation by installing an automatic air 
eliminator at the end of each circuit to get rid of the air before 
the water descends to the main return or to the boiler. If the 
pipes in the coils are perfectly straight and correctly leveled or 
graded, there is no need whatever to reverse the natural direc¬ 
tion of circulation. 

It will be noted in Fig. 42 and also in Fig. 43 that the copper 
pipes are installed below the metal lath. In the author’s opinion 
this is not considered good practice, because with this arrange¬ 
ment the plaster must be sufficiently thick to cover the pipes to 



Fig. 43. Copper pipes supported below metal lath. 
. Joints being soldered by means of blow torch. 


I 
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at least a depth of % inch to prevent cracking, and even with 
small bore copper pipes this means that the plaster between the 
pipes must be exceptionally thick. If the metal lath is supported 
below the pipes, then the plaster may be carried over the metal 
lath to an even thickness, as illustrated in Fig. 44. This will save 
a considerable amount of plaster and will be less weight for the 
metal lath and pipes to support. It is essential to add plaster 
above and around the pipes to facilitate the conduction of heat 
over the whole of the ceiling surface. This may be done by forc¬ 
ing the plaster up through the metal lath, or it may be possible 
to gain access to the space above and add the plaster from above 
the metal lath. 

In connection with copper pipe, very unique prefabricated ra¬ 
diant panels are being made, utilizing small copper tube in metal 



Fig, 44. Applying plaster to metal lath with pipe colls above. 
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Fig. 45. Fabricated panel using small copper pipe 
and expanded metal frame. 

lath for plaster covering:. These panels can be obtained in stand¬ 
ard sizes, about 4 ft. 6 in, wide and in lengths of 4 , 6, and 8 feet. 
Fig. 45 is a partial section of such a panel, showing the V4 inch 
copper pipes forming the coil and the metal lath with % inch 
(depth) ribs. The metal-to-metal contact between pipe and metal 
lath promotes rapid heat transmission by conduction over the 
whole area of the panel. These panels are very rigid and can be 
erected in place very quickly. Care must be exercised when erect¬ 
ing these to insure that air can escape freely, and also that con¬ 
necting joints are properly made to prevent trouble from expan¬ 
sion and contraction. 

Fig. 46 illustrates another method of installing copper pipes 
for ceiling heat and shows the extent to which one continuous 
coil may be fabricated. When copper pipe is used, it is claimed 
that it is an easy matter to make joints with a hand torch, as 
shown in Fig. 43, solder being employed to make the joint. In 
the author’s opinion, brazed or welded joints will be more dur¬ 
able, providing the work is done by a reliable workman and the 
metal is not overheated. While it is a simple matter to make 
copper coils of almost any size and length, care must be taken 
when calculating the frictional resistance and, in so doing, allow¬ 
ance made for kinks and bends, because with small bore pipes 
kinks will introduce considerable resistance of an unknown quan¬ 
tity and the potential difference can be quite substantial. 









CHAPTER 8 


RADIANT HEATING WITH 
FLOOR PANELS 

In dealing with floor heating by pipes laid in concrete, we 
should observe that the same c^re must be taken to prevent con¬ 
duction of heat through the floor to the room below, as was con¬ 
sidered in connection with ceiling heat. When the ground floor 
only is heated, the problem is simplified, although care must be 
taken to prevent loss of heat downwards because this means loss 
of fuel. 

Pipes Laid in Concrete 

Some of the more popular methods used for ground floor work 
only are illustrated in Fig. 47; other designs may be introduced 
to meet special conditions or material used in construction. It 
will, however, be advantageous to consider the pertinent points 
of these more common methods before considering more expen¬ 
sive designs. 

With the design shown in Fig. 47-A, a layer of broken stone 
is placed on the earth. The depth of the broken stone usually 
varies anywhere from 4 to 8 inches. The object of the broken 
stone fill is to aid in preventing the moisture from the earth 
reaching the pipes (a condition which might tend to rust the 
pipes when the system is not in use), and to reduce as much as 
possible the loss of heat downwards from the pipe coils during the 
heating season. For these purposes, the greater the depth of 
broken stone, the more efficient will be the system. Before the 
broken stone is placed on the earth, the soil should be well rolled 
and made firm so that no settling of the earth and broken stone 
will take place afterwards, as this may cause the pipe coils to 
sag, become out of level, and form air pockets. If the sag is too 
extensive it may cause a fracture in some of the pipes. 

This method of heating the floor is not the most efficient way 
because only a portion of the pipe surface is in direct contact 
with the concrete so that the heat transmission from the pipe is 
rather low; more heat is given off from the pipes by conduction 
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through the concrete than in any other way, and the lower part 
of the pipe which touches the broken stone at points only, and 
is in contact with stagnant air in others, is relatively inefficient. 
If an attempt is made to force the concrete downwards to reach 
the bottom of the pipes, there is a tendency also to push the pipes 
down and thus form air pockets. Furthermore, with this method 
it is very difficult to insure the pipes being laid perfectly flat in 
the first place. 

In some cases strips of hard wood are placed under the pipes, 
as shown in Fig. 47-B, and while this method holds some advan¬ 
tages over Fig. 47-A, the results will be very much better if the 
pipes are actually embedded in the concrete, as shown in Fig. 
47-C. When the floor is constructed for this design, the earth 
should first be well rolled and levelled, as for the other methods, 
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then the broken stone can be placed in position. To reduce the 
amount of heat conducted downwards, a layer of broken cinders 
may be placed between the earth and the broken stone, but the 
cinders should not be mixed with the stone or worked into the 
concrete. 

After the broken stone has been levelled, a layer of concrete 
should then be poured to a thickness of 1 inch to inches. After 
this the pipe coils can be placed in position. With this method 
it is possible to be sure that the pipe coils are laid perfectly level, 
and any slight gradient may be given to the connecting pipes 
without any fear of settling. Pipes may be firmly supported at 
any number of points to obtain the correct gradient, and these 
supports can be secured with patches of cement to prevent acci¬ 
dental removal before the system is ready for covering. All pipe 
coils and circuit pipes should be levelled throughout to see that 
no air pockets exist, and with a concrete base this will be a simple 
operation. 

After these points are checked satisfactorily and the whole 
system has been tested hydraulically for several hours to a pres¬ 
sure of 300 lb. to see that no leaks exist, the rest of the concrete 
may be poured to finish the floor. If flow control and shut-off 
valves are used, the boxes for these should be placed in position 
so that the concrete may be poured to the correct height around 
the boxes. If a wood floor surface is required, the top of the 
boxes housing the valves must be kept sufficiently high to allow 
the cover to rest flush with the floor, unless it is part of the plan 
to use a wood covering by making a strip of the floor removable 
instead of a metal cover. 

Fig. 47-D illustrates a floor construction similar to that shown 
in Fig. 47-C, except that in this case wood battens, to which the 
hardwood floor is nailed, are cast into the concrete. It is cus¬ 
tomary to plane the top surface of the wood battens perfectly 
level before nailing down the wood floor, and it is advisable to 
float cement on the surface of the concrete in the space between 
the battens to fill in the air space which may exist at X between 
the surface of the concrete and the underside of the wood floor. 

When a wood floor is used either above a concrete covering, 
as in Fig. 47-D, or directly above the pipes, as in Fig. 47-E, 
great care must be taken to see that the wood is perfectly dry 
before being nailed to the battens or joists. It is customary to 
keep the wood loosely stacked in a kiln until the moisture content 
is reduced to about 6% or 6% and then to lay the wood strips 
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over the floor with the heat on for several days. Fig. 196 shows 
how these strips are laid loosely on the floor joists for final drying. 

Pipe Coils in Air Spaces 

Fig. 47-E illustrates a floor construction with the pipe coils 
supported on the concrete base and surrounded with air. Fig. 
47-F is a somewhat similar design, except that the pipes are sup¬ 
ported on joists; this is a method sometimes adopted when an¬ 
other floor exists below. The space between the plastered ceiling 
below and the top of the joists is filled with insulating material 
to arrest the transmission of heat downwards. 

When pipes are supported in an air space, as shown in these 
two designs, the heat transmission is lower than when the pipes 
are actually embedded in concrete or plaster. The transmission 
of heat from the pipes to the air and from the air to the floor 
material is much slower than the transmission of heat directly 
from the pipe to the concrete. When pipes are supported in an 
air space it is customary to operate the system at a higher water 
temperature to allow for the relatively smaller transmission loss 
per square foot of pipe. 

With pipes installed in air spaces under the floor, it is possible 
to use low pressure steam or vapor as the heating medium, and 
for small installations where small pipes can be used, this can be 
carried out with considerable success. 

While the transmission of heat from copper pipes embedded in 
plaster or concrete is substantially the same as for wrought iron 
and steel pipes, the transmission of heat from copper tubes when 
placed in an air space is found to be less than with ferrous pipes. 

The author has designed very satisfactory floor heating jobs 
for sun porches with windows occupying practically the full area 
from floor to ceiling on two and three sides of the sun porch. 
In such cases the pipe coils have been connected to the ordinary 
steam heating system for the house and the coils were designed 
to give the correct floor temperature for the conditions to be 
met. The addition of floor heating has enabled tenants to use 
porches in winter time where previously they were much too cold 
for comfort. Many designs may be introduced in this way to 
make rooms confortable and usable in winter when otherwise 
they would be untenantable. The introduction of floor or wall 
heating to cellar rooms, especially where warm air or air con¬ 
ditioning systems are in use, will turn a damp, uncomfortable 
space into an ideal recreation, game, or work room. 
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Warm Air Circulation through Floor Ducts 

By this method warm air is circulated through a system of 
ducts or passages formed under the floor or in the walls. As 
explained earlier, the Romans adopted this method and formed 
flues under the floors through which the hot gases from large 
charcoal fires were conducted. 

A typical system in which warm air is circulated through a 
system of ducts formed in the concrete floor is described later 
in this chapter. It is possible to provide cast hollow blocks in 
floors and walls through which warm air can circulate and give 
the necessary temperature to the inner surfaces of the room. 

Some arrangement should be provided for controlling the 
amount of warm air distributed to the flues of each room; other¬ 
wise, there is a possibility of considerable unevenness of tern- 
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perature conditions. Care must also be taken to prevent heat 
from being conducted through the construction to the outside 
walls and roof where it will be lost entirely. 

Typical Floor Installations in Use 

A unique design of floor heating is illustrated in Fig, 48. This 
was the first large floor heating system of modern times, and is 
that in the Liverpool Cathedral. In Fig. 48 the fan A is used to 
circulate the warm air, which is heated as it passes over the 
heater B, through the system of ducts. The base or underfloor 
for the Cathedral was made as one large concrete raft and forms 
the base for the warm air circulating flues. On this concrete raft 
concrete divisional walls 4 in. wide and 12 in. deep were con¬ 
structed 10 in. apart to support the floor proper, thereby forming 
a series of ducts, each 120 square inches in area, through which 
the air is made to circulate. The covering directly over these 
ducts consists of slate Slabs 6 ft. long x 4 ft. wide X 1^/4 in¬ 
thick. This was considered sufficiently strong to support any 
reasonable weight. On the top of these slate slabs white marble 
slabs, 3 ft. X 2 ft. X % in. thick, were bedded down with cement 
to form a finished floor of white polished marble. The warm air 
system is entirely sealed, so that no air can escape into the 
building or to the outside. The flues were made to step up where 
the riser steps are formed from the Nave floor up into the 

Chancel. These riser steps, made of white marble, are shown in 
Fig. 49. 

The whole floor of the Nave, Transept and Chancel fonns one 
large radiator, and was at that time reputed to be the largest 
single radiator in the world. Since every part of the floor is heated 
uniformly, there are no down drafts whatever, and the extreme 
ends of the Chancel and Nave are equally warm with the rest of 
the Cathedral. Owing to the evenness of the temperature, there is 
no flickering of candles due to down drafts of air, which often 
is noticeable in churches and cathedrals heated by other methods. 

The temperature of the circulating air ranges from about 
120®F to 100°F, and the temperature of the floor surface under 
extreme conditions is generally about 10®F to 12®F above the 
normal air temperature in the Cathedral. 

The height of the Cathedral inside, from the Nave floor to the 
underside of the roof, is approximately 113 feet, and the triforium 
walking way, which is formed along both sides of the Cathedral 
below the clerestory windows, is 97 feet above the floor. When 
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the temperature of the air in the Cathedral, taken at 4 feet above 
the floor, was 60®F (a temperature considered satisfactory, for 
English conditions), the air temperature taken at the triforium 
level, 97 feet above the floor, was 58y2°F, or IV 2 ® lower than 
at the breathing line. (See Fig. 49.) The author has conducted 
tests in many other cathedrals where other methods of heating 
have been in use, including the well known St. Paul’s Cathedral 
in London, but in no case have temperatures been recorded at 
high level lower than those recorded at low level. Invariably, the 
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Fig. 49. View of organ and part of chancel showing triforium 
walking way 97 feet from floor level. View of chancel Indicating 

air temperature at high and low levels. 
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temperature at similar high levels has been much too high to be 

comfortable. ^ xi. t • i 

Another remarkable feature of the conditions at the Liverpool 

Cathedral is its extreme heat reserve. It was found on test that 

if the oil burner was turned off, it took 36 hours for the air 

temperature of the Cathedral to fall 1®F. In actual operation 

it has been found that if the oil burners are operated for only 

a few hours each day, the temperature change is so small it 

cannot be detected. 



Fig. 50. Section through hospital ward showing air ducts 

In floors and walls. 
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Fig. 51. Plan of air ducts In floor of hospital ward. 


It has been suggested by some that with a very high structure 
roof exposure losses may be neglected when floor heating is 
applied. This, of course, is an erroneous assumption to make, 
because although the internal air temperature at high level is 
much less with radiant heat than with ordinary radiator or 
convector heat, the inside air is at a higher temperature than 
the outside air. Consequently, there is a transmission of heat 
from the warm inside air to the colder atmosphere and this has 
to be supplied by the heated surfaces. 

Fig. 60 is a section of a hospital block designed by the author, 
where a similar system of floor heating was adopted. A heater 
and fan were installed in the basement of each hospital block, 
similar to that shown in Fig. 48, and the main ducts, which were 
formed under the main floor, as shown in Fig. 50, conveyed the 
warm air to the various vertical ducts formed in the walls and 
connected to the floor spaces of each individual ward. 

Fig. 61 shows a typical floor with the circulating channels 
formed to give even distribution over the whole floor area. An 
adjustable louver valve was inserted in the floor at the intake 
from the vertical duct to each room, as indicated at X. The 
operating spindle of the louver valve passes through a sleeve in 
the floor so that any adjustment may be made, or the heat shut 
off entirely. The area of the apertures Y, which were formed at 
the entrance to each floor duct, was calculated to give an equal 
quantity of air to each duct and thereby insure an equal dis¬ 
tribution of the warm air over the whole area. 
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HOLLOW CONCRETE BLOCKS^ PLASTER 


Fig. 52. Section through floor showing air ducts. 


The floors were formed with a concrete base, as shown in 
Fig. 52, with concrete sleeper walls 4 in. wide, 4 in. high and 
18 in. apart. The channels thus formed were covered with con¬ 
crete in which dovetail sleepers S were cast, and to which the 
teak boards were blind-nailed to form the finished floor of 
the wards. 

In some buildings the wood sleepers are first placed in position 
and the concrete covering is cast over solid; in others, the 
concrete covering with the dovetail sleepers cast in are formed 
in squares and these are then placed into position above the 
concrete sleeper walls, after which the joints are made tight 
with cement. When the covering is cast solid, a supporting wood 
frame is placed in the ducts until the concrete is set, and then 
removed. This work is done in sections so that the wood sup¬ 
porting frames may be moved from one position to another. 
Before the teak boards are nailed down, the wood sleepers S 
are planed perfectly level and the small space above the concrete 
at Z is filled with sand to eliminate the air space which would 
otherwise retard the heat transmission. To insure that the floor 
boards are perfectly dry before being nailed to the sleepers, it 
is always important to spread these over the concrete floor for 
a week or two with the heat on. If teak or oak boards are treated 
in this way, there will be no trouble due to shrinking or warping. 
Teak has been used extensively for the heated floors of hospital 
wards with very satisfactory results. 

When the main circulating ducts are constructed in the soil 
it is necessary to have these lined to prevent moisture being 
abstracted from the adjacent soil; otherwise, there is a definite 
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danger that moisture absorbed from the adjacent soil by the 
warm air will gradually saturate the air in the space of the floors 
and give up its moisture to any cooler surfaces. This has actually 
happened on jobs where no provision has been made to seal the 
main ducts against moisture, and the moisture thus abstracted 
from the soil was deposited on the cooler surface of the concrete 
floor ducts on the second or third floors, where it seeped through 
the concrete to the ceiling below. 

With important jobs it is advisable to consider the introduction 
of some absorbing material, such as silica-gel, into the main duct 
and thereby keep the humidity below a dangerous condition. 

With this method of floor heating it is very essential to have 
specially constructed floors to retard the flow of heat downwards 
from the upper floors; otherwise, it will be very difficult to 
prevent overheating of the rooms below. With precaution taken 
in this direction, the system is successful since there are no pipes 
to give trouble later. 

Other methods, some of which show great ingenuity, are used 
to convey the warm air through pipes and channels for the 
purpose of warming the floors, walls, and ceiling surfaces. For 
instance, hollow fabricated blocks are sometimes used to convey 
the warm air over the ceiling or walls, and providing the material 
is not too thick to prevent the rapid transmission of heat, and 
the blocks are carefully placed to maintain an uninterrupted 
series of ducts over the whole area, this forms a very satisfactory 
and inexpensive method of dealing with the lower price houses. 

A similar method, using metal ducts, is sometimes employed, 
but care has to be exercised in fabricating and installing metal 
ducts to guard against noises which might occur when expansion 
and contraction take place due to changes in temperature. 

Another type of floor duct system is illustrated in Fig. 63. 
These blocks are usually cast in concrete and are of sufficient 
strength to carry the normal weight for floors. The blocks are 
placed in position, as illustrated, and then a thin layer of concrete 
or cement mortar is spread over the top to secure the blocks and 
form a reliable and rigid floor surface on which carpets or 
linoleum may be placed. 

While warm air circulating in ducts as a heating medium is 
applicable to some types of buildings, such as those described 
in the foregoing, the embedded pipe method for heating surfaces 
seems to be held in higher favor by heating engineers, since it 
invariably means less constructional details in the average 
building. 
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Fig. 53. Specially cast concrete blocks to form 
warm air ducts in floor. 


The different methods of applying embedded pipes are legion, 
but to insure the greatest efficiency, very definite rules should be 
followed. The first is to see that the pipes are so covered that 
the maximum amount of heat will be transmitted by conduction 
to the material in which they are embedded and, secondly, to 
make the path easy for the heat to travel from the pipes to the 
surface of the heating panel, and hard to travel in any other 
direction where it will be either wasted or cause overheating in 
an adjoining room. 

Figs. 54 and 55 illustrate the layout of a floor heated piping 
system in which grid coils are used, and Fig. 56 illustrates the 
method of connecting up the boiler and circulator with a control 
similar to that described in the chapter on controls. The building 
to which these drawings apply is of two-story basementless 
construction with 12 inch walls of solid brick, no plaster on the 
inside. The windows are single glazed, steel sash without 
weather-strip. This construction is not the best for heat economy 
and sufficient radiant surface had to be provided to compensate 
for the heat loss and air infiltration. 

The ground floor was constructed with concrete 2 in. thick, 
laid on 8 in. of broken stone. The second floor and also the roof, 
which is flat, are constructed with 2 in. concrete slabs poured 
over Holorib decking, supported by wide flange steel girders. Tar 
and gravel roofing covers the roof slabs. 

Fig. 67 is a section through the ground floor showing the 
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Fig. 54. Layout of grid coils embedded in broken stone under concrete floor 














FLOOR PANELS 


109 


wrought iron pipes embedded in the broken stone with the 
concrete floor above. This is not the best way to install pipes 
since the heat transmission from the pipes is retarded by the 
many air pockets between the broken stone; the percentage of 
heat loss downwards will be greater than would be the case if 
the pipe coils were actually embedded in concrete. The extra 
depth of broken stone below the pipe coils does retard the heat 
transmission to the earth, and when the concrete is poured, some 
of the more liquid concrete will find its way to the pipes below 
and help to bond the broken stones together around the pipes. 
The author, however, prefers first to rest the pipe coils on a layer 



Fig* 66* Boiler^ pip^ connectionst control and circulator. 
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Fig. 57. Section of floor showing pipes embedded in broken stone. 


of concrete and then to pour concrete on top to the required 
depth, so that the pipes are firmly embedded in the concrete. 

Fig. 58 shows the broken stone being placed on the ground and 
leveled before the pipe coils are placed in position, while Fig. 59 
shows the grid coils in position and a thin layer of broken stone 
being spread over the top, ready for the concrete floor. Before 
the pipes were covered with the broken stone the whole system 
was tested hydrostatically to a pressure of 250 pounds, and all 
joints inspected to insure that everything was perfectly tight. 
After this test the pipes were releveled and regraded where 
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Fig. 59. Covering pipe coils with a layer of broken stone. 



Fig. 


Preparing concrete floor over broken stone and pipe colle. 
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Fig. 61. Section through floor of second floor showing layer 

of cork under pipe colls. 


necessary and a heat test was carried out, following which a top 
layer of broken stone was added and then the concrete was poured 
and leveled, as shown in Figs. 59 and 60. 

For the floor of the second story a layer of cork 2 in. thick was 
placed under the pipes, as shown in section in Fig. 61 and in the 
photograph. Fig. 62. The cork was given a coating of aluminum 
paint on the underside to arrest radiant rays as much as possible 
and an air space was also formed. 



Fig. 62. Grid colls resting on cork slabs ready for 

concrete covering. 
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The concrete was poured on the top of the cork slabs. This 
formed a good bond for the conduction of heat from the pipes, 
and the cork slabs formed a good insulating medium to prevent 
loss of heat downwards. The coils on the ground floor were 
constructed of % inch wrought iron pipe spaced 8 inches apart, 
and on the second floor % inch wrought iron pipe spaced 8 inches 
apart. On the return from each coil, at points F, a velocity 
control fitting and lock shield valve were fitted as illustrated in 
Fig. 101, and these enabled a perfect balancing of the circuits to 
be effected after the installation was completed. A preliminary 
test was taken with the heat on before the pipe coils were actually 
covered. At this time the velocity control fittings were adjusted 
to give an even circulation everywhere. After all the construction 
work was finished, further tests were taken, when the final 
adjustment of the circulation took place, and the fittings were set 
to give an equable temperature in all rooms. 


Pig. 63. Main duct showing arteriai mains suppiying floor coils 

on both sides of duct. 
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Fig. 64. Floor coils ready for pouring concrete, showing easy method of arranging 

reinforcing rods with wrought Iron pipes. 
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A specially designed floor for the Panelite system, referred to 
in Chapter 7, is of interest in connection with floor heating: refer 
to Fig. 40. The space above the slabs housing the coils should 
contain some insulating material such as aluminum foil. 

A recent addition to the many radiant heat jobs already in- 
stalled in this country in which wrought iron pipes have been 
used is one which appears to be worthy of some study. It is 
a hospital of 30,000 square feet floor area divided into four 
separate zones for special application. Large concrete ducts, 
about 6 ft. wide and 4 ft. deep, were formed underground for 
carrying the various service pipes to each of the four wings. 
Supply and return pipes for the individual room coils are con¬ 
nected to the 2 y 2 inch arterial supply and retui*n mains, with an 
isolating valve in each feeder pipe. Fig. 63 illustrates the feeder 
pipes leading off from the mains and also shows the waterproof 
paper covering the gravel fill on which the pipes are placed. 

The coils are of the continuous type which, undoubtedly, makes 
a desirable method of distributing the heat, especially when a 
separate coil is wanted for individual rooms and wards. The coils 
are made of 1^/4 inch wrought iron pipe spaced on 12 inch centers 
and are laid on a 4 inch gravel fill covered with waterproof paper. 
Fig. 64 shows the coils for one wing of the hospital, with the 
main pipe duct in the center already covered with prefabricated 
concrete slabs. These blocks are actually separated to allow 
reinforcing rods to run between them. The pipe coils present no 
difficulty with reinforced concrete, as may be seen from Fig. 65. 



Fig. 65. Wrought Iron floor coils on waterproof paper 

ready for pouring concrete. 
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Concrete to a thickness of 4 inches was poured over the entire 
network of wrought iron pipes, reinforcing rods and concrete 
blocks. On the top of the 4 inch concrete slab, a 2 inch terrazzo 
floor was laid to give a smooth sanitary finish to all floors. 

Fig. 66 is of interest since it shows how the flow feeder lines 
are carried around the exterior wall to take care of the large 
heat losses in the solariums. Sometimes it is found necessary to 
place two or three pipes in close proximity to the outside wall if 
the exposure loss is great due to a large amount of glass surface. 
This is known as border heating. In addition to this, it sometimes 
becomes necessary to embed a few pipes in the side wall at low 
level, or to use heated wainscoting about 9 inches to 12 inches 
high to provide sufficient concentrated heat. 

The pipe coils may be made at the shop and brought to the job 
or it is quite a simple matter to fabricate the coils near the site 
and carry them to their position, as shown in Fig. 67. When 
these coils are to be supported to ceiling joists the next operation 
is to lift the coil into position, as in Fig. 68, and then add 



67. Fabricated coll made on the site and carried to position. 








Hoisting coil to position for ceiling heat 
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Fig. 69. Securing pipe coil to Joists with pipe clips. 














Fig. 71. Showing method of welding coll to circuit pipe 
when connection is at right angles. 
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supporting clips to hold the coil to the joists above, as illustrated 
in Fig. 69. The individual coils are then welded to the common 
circuit mains at a suitable angle to give an easy path for the 
water to flow. See Fig. 70 (Note the velocity flow control valve 
in the return connecting pipe of each coil). When the connecting 
pipe is to be installed at a right angle to the supply pipe, the 
hole in the larger pipes is burnt out to give a clear passage 
without obstruction. The connecting pipe is then placed in 
position, as shown in Fig. 71. 

Quite a number of installations have been carried out using a 
steel pipe made by the continuous weld process from a low-carbon, 
open hearth steel; it is claimed that it is very suitable for radiant 
heating since it can be bent cold on the job without danger of 
fracturing the metal wall or collapsing the bend. It can be 
supplied in lengths up to 50 feet. Fig. 72 shows large grid coils 
fabricated from this pipe; in this case the coils rest on insulating 
material covering a 3 inch gravel fill. The coils were covered with 
sand to allow free expansion, and a 6 inch layer of concrete 
formed the floor of the garage. The 6 inch layer of concrete 
makes a very strong floor for supporting cars and trucks, and 
the extra thickness will also prevent too much local heat if the 
trucks are parked with the tires directly above the embedded pipes. 







Fig. 73. Steel pipe coils resting on expanded metal base ready for pouring concrete floor. 
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Fig. 73 shows this same type pipe formed into continuous coils 
and laid on expanded metal lath ready to form the floor. The 
expanded metal lath rests on the wood joints. A layer of concrete 
4 inches thick was poured over the whole floor area after the pipe 
coils were tested, and the space between the expanded metal lath 
and the ceiling below was filled with insulating material. 

Fig. 74 illustrates how inch pipe of this same type can be 
bent cold for an ordinary floor heating system. The coils are 
resting on a brick base ready for the concrete floor which was 
poured after the system had been tested and found satisfactory. 

No installation is too large to be dealt with, provided the 
heating is given proper consideration from the start so that the 
installation of the piping can go forward with the rest of the 
work. Due consideration must be given, and allowances made for, 
heat transmission from surfaces in a room where risers are 
encased. Heat transmitted from the panel in one room to the 
wall, floor, or ceiling of an adjacent room must also be taken 



Fig. 74. steel pipe coils supported on brick base 
ready for pouring concrete floor. 
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into consideration. Allowance should be made for this when 
calculating: the MRT and also the heat requirements of the room. 
Some of the latter can be taken care of if velocity flow modulator 
fittings are provided in the circuit to each room, as the heat 
input to any room can be reduced after the installation has been 
started to balance the heat transmitted from a panel coil in an 
adjacent room. 

With buildings of large capacity, such as garages and the like, 
where a definite number of interchanges of air is compulsory, it 
is often found desirable to warm the floor and perhaps part of 
the walls to meet the total exposure losses, and then introduce 
the given amount of fresh air at definite locations so as to give 
fresh, warm air at all essential points. 

Sometimes the inlet to the heater fan has two connections, one 
inlet passing through the roof or through the wall at high level 
to take in fresh air from the outside, and the other connection 
open to the room or garage. During very cold weather some air 
may be drawn from the inside to mix with the cold fresh air from 
the outside, thus having an air temperature above 32^F and 
thereby eliminating any chance of freezing the water in the 
heater. 



CHAPTER 9 


PIPES IN WALLS, METAL PANELS, 
AND ELECTRICAL CONDUCTORS 

There are many methods of providing radiant heat surfaces for 
human comfort, both inside a building and in exposed places 
merely sheltered from rain and snow. Broadly speaking, the 
method usually adopted depends on the particular type of building 
and materials used in construction. Ceiling and floor heating and 
their respective advantages and disadvantages have been treated 
in previous chapters and in this chapter heating by wall surfaces, 
prefabricated metal panels, and the use of electricity for radiant 
heating will be described. 

Wall Heating 

For wall heating the pipe coils are generally formed of or 
% inch pipe, illustrated in Fig. 167, Chapter 13. The coils may be 
of the continuous type, as shown on the left, or of the grid 
formation, as shown on right hand side of illustration. The coils 
can be attached to any type of partition, such as expanded metal 
or wood studded, or recesses can be formed in a brick wall to 
accommodate the coil and plastered over. When carefully de¬ 
signed, this method of embedding pipes in the plaster offers great 
operating economy and produces comfortable results. However, 
some slight obstacles are associated with this method when altera¬ 
tions or additions to the building are desirable. In a new building 
the recesses would be formed when erecting the wall, but in an 
old building the brickwork can often be easily chased to accom¬ 
modate the coils. It is always advisable to select inside walls for 
this purpose, unless it is desirable to form panels under windows 
to eliminate down-draft. Insulating material should be placed at 
the back of the coil to prevent heat from being transmitted to 
the adjoining room or passages. 

The pipes in wall coils are generally spaced about 4 in. to 6 in. 
apart and individual coils can be made into any convenient size. 
The grid type is suitable for walls since the coils may be installed 
with the pipes placed vertically. This allows the hot water to 
circulate freely down the separate pipes by gravity and thereby 
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Fig. 75. Details of cast iron radiant panel. 


maintains a uniform circulation in all pipes. However, there is, 
an advantage with continuous coils, since the greater velocity of 
the water in this type coil adds to the heat transmission. If the 
continuous type coil is used, care must be taken to see that the 
return bends are arranged to allow any air to pass freely upwards 
to the high level tank. Coils should be tested separately to a 
pressure of 600 lb. per square inch before they leave the factory, 
and after the whole system of coils is welded to risers and circuit 
pipes, a hydraulic test of 300 lb. per square inch should be main¬ 
tained for 6 or 8 hours, or longer if necessary, to make sure that 
every joint has been inspected. Any slight drop in pressure 
indicates a leakage and must be located and corrected before 
plaster or any other material is applied to cover any of the pipes. 
The boilers (or heater) and circulator should be disconnected 
during this hydraulic test, since this pressure may be too high 
for some of the standard fittings. 

M»tal Panels 

One of the earliest and most widely used types of metal panel 
is of cast iron and known as the Rayrad, introduced in Europe 
in 1926 and illustrated in Fig. 76. These panels are usually cast 
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Fig. 76. Rayrad in recess formed in wall. 


as flat iron plates about 3/16 inch thick. On them are cast two 
passageways about % inch internal diameter through which the 
heating medium is circulated. The panels are generally made in 
three sizes, viz.: 16 inches long by 18, 24, and 30 inches wide. 
The passageways are machined with right and left hand threads 
so that any number of units can be assembled with right and 
left hand threaded nipples in a manner similar to cast iron 
radiator sections. 

These panels can be installed in many different ways to suit 
the building. For instance, they can be placed flat against the 
finished wall or ceiling with a moulding fixed around the edge. 
This gives the appearance of a slightly raised flat panel. When 
so installed they can be adapted to an old building without entail¬ 
ing a large amount of alteration work. Usually, however, and 
especially in the case of new buildings, the Rayrads are placed 
in recesses so that the surface of the plate is flush with the 
surface of the wall or ceiling. It is always advisable to have a 
little space at the ends between the edges of the plate and the 
plaster to allow for expansion; the space can be covered with 
a suitable bead or moulding. Surfaces of the panels can be 
decorated or covered with a thin veneer to harmonize with the 
rest of the room and thus be rendered unnoticeable. 






































WALLS, METAL PANELS, ELECTRICAL CONDUCTORS 


127 



Fig. 77. Metal panels in dado. 


Fig. 76 illustrates a special type of Rayrad with the “veneer” 
sheet removed, showing the flat face of the panel below a window. 
In this case the metal plate is fitted against a frame-work with 
a cork pad between the wall and the back of the plate. The 
“veneer” fits over the whole of the area, with a suitable moulding 
around the edges. In other cases the plates are cast to shape and 
formed into a complete or partial dado around the walls, as 
illustrated in Figs. 77 and 78. To obtain an almost perfect replica 



Fig. 78. Rayrad formed in dado at sides of flrepiace. 
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Fig. 79. Method of connecting up two Rayrads under window. 


of woodwork, the plates are cast from patterns in which oak 
graining has been incorporated, so that, when suitably colored, 
they have the appearance of genuine oak. 

The flat panels can be used between the windows of a room 
to any suitable height, or they hiay be made of any convenient 
length to install under the windows, as illustrated in Fig. 79. 

Instead of using cast iron panels assembled with right and 
left hand nipples, the author has for a number of years used 
fabricated iron panels with sheet metal surfaces made from 
stretcher steel sheets, with the wrought iron coils spot-welded 
to the sheet metal plates, as shown in Fig. 80. These plates can 
be made flat for side walls and ceilings or may be made curved 
for comers of a room or landing, or any other special location. 
Sometimes they are covered with a thin wood veneer which can 
be painted or grained to harmonize with the surrounding walls 
or woodwork. 

Wrought iron coils can be made up into useful prefabricated 
panels. Fig. 81 shows the back of one of these panels, illustrating 
how the pipe is spot-welded to the stretcher steel plate. The 
photograph shows the panel standing on end. The coil is first 
formed and tested in the usual way and then spot-welded every 
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7 or 8 inches to the back of the plate. With good stretcher steel 
and electric welding no distortion takes place and the surface 
exposed to the room remains both flat and smooth. 

Fig. 82 shows the iron panel in position with the surface flush 
with the brickwork. A metal strip which forms a border has been 
formed on all four sides of the panel to cover the space between 
the edge of the panel and the recess in the brickwork. This 
makes a perfectly good finish, and the metal surface is painted 
to harmonize with adjacent decoration. In this case the panel is 
placed in a recess on the landing of a staircase and all connecting 
pipes are hidden behind the brickwork. Such panels offer con- 
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Fig. 80. Fabricated metal panel. 
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siderable advantages in that they may be used for cold spots 
such as staircases and landings. They may also be covered with 
a wood veneer and decorated, as previously mentioned. 

Such panels may also be fabricated of copper. Copper panels 
are generally made with flat oval copper tube to obtain a greater 
area of contact with the metal plate and to obtain a panel of 
minimum thickness. Because of the relatively thin materials 
used, these panels may be placed on the surface of existing walls 
without causing any unsightly projection. When any metal panel 
is used, the surface must be considered because a smooth polished 
metal is liable to give very disappointing results. The surface of 
the panel exposed to the room may be covered with plsnvood or 
some other thin veneer and decorated to harmonize with the rest 
of the room. Sheet metal can be used on both sides of the coil, 



Fig. 81. Back of fabricated metal panel made with wrought 
iron pipe spot>welded to stretcher steel plate. 
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Fig. 82. Fabricated panel in position with metal border to cover 

space between panel and brickwork. 


thus making a complete unit which may be fabricated into 
standard sizes. 

The temperature of the metal panel surface is considerably 
lower than the heating medium used, because the heat from the 
passageway is conducted over a large area and this gives it a 
moderate mean temperature. If the metal surface is sufficiently 
cool to be papered, the emission will be increased considerably. 
Reference should be made to data elsewhere in this book on the 
relative emissions of metal surfaces, plain, painted, and papered. 

One advantage of metal plate.s, whether of the cast iron or 
prefabricated type, is that low pressure steam can be used as a 
heating medium, whereas with pipes embedded in plaster only 
hot water can be used with safety. The fact that steam may be 
employed makes it possible for radiant metal panels to be used 
in plants, factory offices, and other buildings where there may be 
some objection to the use of hot water. 

There is no difficulty in connecting up to metal panels, as these 
are dealt with exactly as ordinary cast iron radiators. Concealed 
inlet valves and traps may be used, and the panels may be con¬ 
nected to a weather controlled system in the customary way for 
such systems. If hot water is used as the heating medium, it is 
recommended that flow modulators, as used on ceiling coils, be 
employed on the return from each metal panel. 
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Fig. 83. Metal panels installed overhead in printing plant. 


Fabricated metal panels have been used in many industrial 
plants, both with low pressure steam and with hot water heating. 
Fig. 83 shows a number of these panels suspended overhead to 
take care of roof exposure and to supplement the small amount 
of floor available for heating. Where the floor surface has to be 
occupied with heavy machines, it is not always possible to 
accommodate sufficient floor coils to take care of the heat load. 
The tops of the suspended coils were covered with layers of cork 
to prevent the heat from being radiated upwards. 

Fig. 84 illustrates a section of a building which is to be erected 
at the author’s factory where, it will be noticed, the metal panels 
will be placed at an angle on the side walls. Some heat will be 
applied to the floor, just sufficient to keep it warm and dry, and 
the balance of the heat will be made up by the metal panels 
formed with a curved surface to throw the rays over a wide angle. 

The building is being erected on a damp soil, and while all 
precautions are being taken to support the floor, the addition of 
some floor coils will insure comfort for the employees at all times. 

The reason for placing the panels at an angle is that owing to 
the equipment, it is impossible to spare wall space at low level. 
The rays will be thrown downwards at an angle to provide 
comfort conditions everywhere. 
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The author has very successfully used metal panels to replace 
ordinary cast iron radiators in mental institutions. Actually, any 
kind of low temperature radiant heat is suitable and desirable 
for mental patients because it is impossible for them to recline 
on the surface as they do where ordinary radiators are provided, 
and the absence of any kind of grille eliminates any inclination 
on the part of the patient to insert rubbish or to expectorate into 
the grille. 

Many large radiant heat installations using metal panels have 
been carried out with considerable success. Fig. 85 shows the 
outside view of one large building heated by cast iron panels. In 
addition to the metal panels used for the various rooms, a total 
of 35 miles of piping was employed with all joints and risers 
welded. Cutting away of finished work was avoided by proper 
organization of the work in process. Mains were erected with the 
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Fig. 84. Section of building showing combination of floor 
heating and metal curved panels on aide walla. 
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Fig. 85. One of the large buildings heated entirely by 

metal radiant heat panels. 


steelwork, tested, insulated, and then encased by the contractor. 
The metal radiant panels were installed after the plastering was 
finished, saving the cost and delay in taking down finished work. 


Electric Conductors 

Another effective method of forming heated panels is to embed 
electric conductors in the plaster of ceilings and walls, or in the 
concrete of floors. These conductors can be obtained in varying 
lengths and wattage capacities, and suitably covered to protect 
the conductor against action of the plaster or other surroundings. 

Figs. 85-A and 85-B show such electrical conductors actually 
being applied to an installation in the Pacific Northwest, where 
electric rates are favorable to its use for heating. The manufac¬ 
turer of the cable illustrated in these views reports that electrical 
consumption for heating several houses averaged, over six years, 
1.27 kilowatt-hours per year per cubic foot of space. 

This particular cable has a maximum continuous conductor 
temperature of 167®F. Installation is made on the basis of IVz 
watts capacity per cubic foot of space for large rooms, 2 watts 
per cubic foot for small rooms. 
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The cable is Vs inch in diameter and available in 60 feet, 
260 watt or 500 feet, 1500 watt units for 110 volts; 120 feet, 
600 watt, or 1000 feet, 3000 watt units for 220 volts. It is so 
designed that the maximum temperature on the cable insulation 
when hung in 60°F air is 112®F. 

The author has carried out some very interesting tests with 
electric conductors and on one installation where an electric 
conductor was embedded in the plaster of a ceiling with a % inch 
thick plaster covering, the conductor was spaced on 4 V 2 inch 
centers, and the electric conductor gave off by conduction 9 watts, 
or 30.6 Btu per foot length of conductor when so embedded. 

The surface temperature of the plastered ceiling directly 
opposite the conductor held consistently at 117°F, and the 
surface of the plaster between the conductors was 104®F. The 
average surface temperature over the whole area was 115°F, and 
the loss of heat upwards represented approximately 6% of the 
useful heat given off by the ceiling. These surface temperatures 
were recorded with a room air temperature of 68®F and an MRT 
of approximately 73®F. 

With embedded hot water coils there is always a gradual drop 



Fig. 86-A. Electrical heating conductors being attached 
with asbestos cord and stapling machine. 
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in surface temperature from the inlet of the coil to the outlet, 
dependinj? on the drop in temperature of the circulating water 
through the panel coils. With the electric conductor there is no 
such variation. 

It is an easy matter to control the temperature of a room 
heated electrically by using an on-and-off method of control, 
although this will obviously produce some cool periods or some 
overheated peaks. It is not considered good practice to use electric 
conductors for this purpose where metallic reinforcing of the 
ceiling is adopted, because of the possible hum which may be 
created by the electric conductor. 

Because of the usually high cost of electric current it is neces¬ 
sary, when using electrical conductors, to prevent heat losses 
through the floor or ceiling and, therefore, a good insulating 
material should be used. 

The advisability of using electric conductors for radiant panels 
will depend on the cost of electric energy. Knowing the rate per 
kilowatt-hour in the locality, and comparing this with the price 
of oil or gas, it is an easy matter to calculate the relative operat¬ 
ing costs, making due allowance for the method of controlling 
the heat. 



Fig. 85-B. Embedding electrical heating conductors in plaster. 
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Fig. 86. Fireclay high-temperature electrically-heated panels. 


Electrically Heated Panels 

Rayrads exactly similar to those described for hot water and 
low pressure steam are also made with electric conductors inserted 
in the passageways to give the required amount of heat. This 
makes a convenient and very adaptable fitting with a moderate 
surface temperature varying from 120®F to 160®F. 

Other makes of electric panels are manufactured. Among them 
are those made of light asbestos sheet faced with cork, on which 
is placed a layer of composition inch thick and in which is 
embedded a grid of insulated wire. The panels are made in 
stock sizes for various current characteristics and capacity. 
These may be installed flush with the face of the walls or ceiling 
and decorated to harmonize with the rest of the room. 

Many unique methods have been adopted for producing infra¬ 
red rays, such as concealing the electric elements behind large 
glass mirrors or in folding screens. 

Another type of electrically heated panel, designed some years 
ago, was not entirely successful because of its very high tempera¬ 
ture, The panels consisted of a glazed fire-clay tile % inch 
thick, in which was embedded a graphite resistor ribbon. Fig. 86 
shows a section of one of these elements. They were usually 
made 24 in. x loaded to consume about 2000 watts 

(equivalent to 6824 Btu per hour) with a safe maximum surface 
temperature of 650° F. It was found, however, that with elements 
at such a high surface temperature exposed in free air, the 
tendency was to create a large amount of convected heat, and 
the air at high level was very much hotter than with the low 
temperature radiation. 
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These elements were usually placed at various angles in the 
room, both at the sides and in the comers, so as to throw rays 
in definite directions. It was claimed that for rooms of less than 
30 feet span, the best possible distribution was obtained when 
the elements were mounted on the walls 8 feet high and at an 
angle of 30°. For rooms of large span it was found desirable 
to supplement the radiating elements on the side walls by ele¬ 
ments suspended from the ceiling. These may have been em¬ 
ployed as flat plates, or as combined lighting and heating units. 

A similar system of high temperature units with parabolic or 
elliptical reflectors has been devised for factory heating. Here, 
the beams of rays are relied on for heating, but since much 
absorption takes place, the system cannot be considered as entirely 
satisfactory. 

Electrically Heated Tapestry 

The use of textile in which a continuous wire is interwoven 
with the cloth has been found advantageous for use in portable 
screens and also for hanging on stone walls. The wires are used 
as the warp and the wool or silk as the woof. The electric current 
passing through the wires warms the fabric and keeps the surface 
at a uniform temperature. 



CHAPTER 10 

AIR VENTING AND FLOW ADJUSTING 


Before considering the very important points of air elimination 
and dow adjusting, in detail, some attention should be given to 
system layouts, especially to the more commonly used methods 
which employ hot water or low pressure steam as the heating 
medium. Since steam can be used successfully only on a few 
of the less important jobs, greater attention will be paid to hot 
water applications. 

Figs. 87, 88, and 89 illustrate diagrammatically typical methods 
of connecting up coils in floors, walls, and ceilings, respectively. 
Fig. 90 illustrates a system in which cast or wrought iron radiant 
heat panels are installed below the windows. Each of these 
illustrations shows an automatic weather controlled device 
which modulates the temperature of the circulating water 
according to changes in weather conditions. This will be ex¬ 
plained in Chapter 11, but for smaller installations where an 
automatic weather controlled device cannot be employed by the 
user because of price consideration, the boiler connections may 
be modified in accordance with Fig. 91 or 92. The former is 
recommended when the boiler is used for heating only, and the 
latter when the boiler has to function for the dual purpose of 
heating and supplying hot water for baths and other domestic 
purposes. The question of boiler connections, however, will be 
dealt with in greater detail in Chapter 11. 

Air Vonting 

Air venting is really an essential feature of control, because 
any small amount of air collecting in either of the circuit pipes, 
or pipe coils, will cause continual trouble and invariably result 
in a shortage of heat. 

Fig. 98 illustrates one of the best methods to insure that any 
air or non>condensible gas liberated from the circulating water 
as it passes through the boiler will be eliminated before it can 
reach the piping system. When water is heated in a boiler, any 
free air or non-condensible gases contained in the water will be 
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Fig. 87. Layout for system employing floor colls. 
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Fig. 88. Layout for system employing wall coll 
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liberated at the hot surfaces. Therefore, the object of the heating 
engineer should be to provide means to expel this air as quickly 
as possible after leaving the boiler. Even though air vents are 
provided at essential points in the system to eliminate the air 
when filling with water, it is, nevertheless, imperative for good 
circulation that air be prevented from reaching any part of the 

system. . v i 

The surging tank T is inserted in the main flow pipe to break 

up the continuity of the stream as the water enters by the pipe 
F, so that free air entrained with the water will be expelled from 
the water and will enable it to rise to the top of the tank where 
it can easily escape up the pipe C into the automatic air elim¬ 
inator E. 



Fig. 91. Boiler connections without automatic control. 
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The size of the tank T will depend on the size of the system, 
but for small jobs the capacity should be about two to three 
gallons, or perhaps a little larger, and, in some cases, an enlarged 
pipe with welded connections will suffice. The object is to have 
the diameter of the pipe or tank sufficiently large to reduce the 
velocity of the water as it passes the air pipe connection. Instead 
of connecting the pipe F to the side of the tank, as shown, this 
may be connected to the bottom, as indicated by the dotted line 
marked G. The pipe C should be of large diameter, not less than 
1 inch for small jobs, and larger for bigger jobs. This will allow 
air to rise freely into the air eliminator E without any restriction. 

Fig. 94 shows the usual type of automatic air eliminator used 
on medium and large size jobs, and Fig. 95 illustrates a less 
expensive type which may be used on small jobs. 



Fig. 92. Boiler connections when supplying heat 

for domestic purposes. 
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Under normal conditions the water rises in the body of the 
eliminator and causes the float A to rise. This upward movement 
of the float causes the valve V to close when the water reaches 
a predetermined level, and the closing of the valve V prevents 
water from escaping from the system. When free air is liberated 
from the water and finds its way up the pipe C, it gradually 
replaces some of the water in the air eliminator and causes the 
water level to drop. The lowering of the water level causes the 
float A to fall slightly, and this movement opens the valve V and 
allows some air to escape until the correct water level is restored 
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Pig. 94. Surging tank and Fig. 95. Automatic air vents 
automatic air eiiminator at as intended for the emalier 
top of system. installations. 

and the valve V again closes. As a precaution, it is generally 
considered good practice to connect a small pipe to the discharge 
connected at D to carry away any water which may leak out of 
the eliminator if dirt or scale should cause the valve to leak. 

If an automatic air eliminator is installed at the top of the 
system, so that any air liberated from the water can find its way 
out at this level, very little air will find its way into the system, 
so that manual air vents installed on any individual coil will 
not require constant attention. Even though an air elimination 
device is installed at the highest point, it is always necessary to 
provide some means of air venting a pipe if it forms an air 
pocket. Although there may be only a small chance of air finding 
its way into any part of the system afterwards, some means has 
to be provided for eliminating the air from all high points when 
filling up the system. 

When it is found impossible to avoid an air pocket in the cir¬ 
culating mains, then an automatic air eliminator should be 
installed at the highest point, preferably at the end of the pocket 
illustrated in Fig. 96, because any air entrained with the water 
will be carried more readily to the extreme end of the pipe. The 
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connection at A' (Fig. 96) should be formed similarly to the 
method shown in sketch A, that is by using a square tee. Never 
use a sweep tee as shown in sketch B. 

If it is not possible to install an automatic air eliminator at 
the extreme end of the pipe, then it may be installed at the other 
end Y by using the same kind of square tee fitting as shown in 
sketch A, but, in this case, Y must be the highest point and the 
pipe should be given a decided downward gradient from Y to X. 

Where large mains are carried in trenches it is sometimes 
necessary to rise from the circulating mains up into the pipe 
coils, so that it then becomes imperative to provide an air vent 



Fig. 96. Air venting main and circuit pipes. 
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to each of the coils, or it may be only necessary to provide an air 
vent to the circuit pipes supplying several coils. 

In such cases it is permissible to install manually-operated air 
vents at these points. One method of air venting a pipe with no 
space above is illustrated in Fig. 224, Chapter 15, but when there 
is sufficient room to install a small air valve above the pipe, this 
is the most simple method of dealing with the problem, especially 
if it is possible to have a hole in the floor to insert a key for test¬ 
ing the air vent valve as occasion demands. When this is done, 
it is advisable to have a screwed down cover, as shown for control 
valves, Fig. 101, Chapter 10. 

Where it is not possible to install and operate an air vent valve 
above the pipe, it is satisfactory to connect a small pipe to the 
top of the coil at the highest point and install the valve at the 
most convenient point, as shown in Fig. 97. 

When small air vent pipes are carried for some distance from 
the connection .on the coil or circuit pipe to the air valve, it must 
be remembered that this pipe will remain filled with water even 


CONCRETE OR WOOD FLOOR 
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Fig. 97. Air venting embedded colls. 
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QUICK FILLING LIN£ 



Fig. 98. Circulating tank with air vent relief. 


though air may have collected in the top pipe or coil. It is, there¬ 
fore, necessary to insure that frost cannot reach the pipe, and 
when testing the air vent valve for air, sufficient water must be 
drawn off to insure that all the water in the pipe has been drawn 
off before the presence of air can be detected. 

Since one of the important points to consider in connection 
with radiant heating systems is the free passage of air to the 
highest point in the system, where it should be enabled to escape 
freely through an automatic air eliminator, a reliable method 
of connecting up the tank and automatic air vent is illustrated 
in Fig. 98. If the main flow pipe is carried directly up from the 
boiler to the header or tank T, air will be eliminated above the 
surface of the water and not entrained with the water flowing 
to the pipe coils. In some cases it is an advantage to have a 
manifold, as illustrated, at this point to connect several down 
pipes from the tank for coupling up to the several circuits. This 
enables any circuit to be isolated at will. 

Pipe coils embedded in floors and ceilings may be installed per¬ 
fectly horizontally, but great care must be taken to see that no 
part of a coil or connecting pipe has a high point where air can 
collect. It is sometimes assumed that a circulating pump will 
overcome air pockets, but this is not entirely correct. Any small 
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air pocket will retard the circulation in proportion to the size of 
the air pocket. The pipe or pipes leading down from the high 
level tank must be so graded that air can escape back from the 
coils to the overhead tank, because when the system is being filled 
or when the circulator is idle, the air will flow to the high level 
tank quite freely. Instead of using the downward flow circulation, 
as shovm in the illustrations, some heating engineers suggest 
an upward flow through the system, in the hope that the rush of 
water through the pipes will carry forward any air pocketed in 
improperly constructed pipe coils or pipe lines. While there ap¬ 
pears to be some virtue in this line of thought, experience teaches 
us that if the coils and pipes are correctly installed, there will be 
no trouble whatever with air pockets as the air will be freely 
liberated at the top vent, as shown in Fig. 98. It is found in 
actual practice that after all the air has been expelled from the 
system, very little air will find its way back into the system if the 
rising flow pipe and tank T with automatic air vent, as shown in 
Fig. 98, are designed and installed correctly. The return circuit 
pipes and mains from the pipe coils must also be graded to allow 
air to escape easily back through the coils to the high level tank. 
The lowest point of the return main should be as near as possible 
to the boiler but, in any case, an emptying valve should be in¬ 
stalled at the lowest point or points to empty the system in case 
of emergency. Normally, no fresh water should be added to the 
system, since by the continuous use of the same water without 
any change, the risk of internal corrosion is practically elimin¬ 
ated. The expansion or compression tank should be of ample size 
to take care of the maximum water expansion which is likely to 
take place when the system is raised to its highest temperature. 
Refer to Chapter 16. 

Flow Adjusting 

When he is designing a radiant heat system, it is the duty of 
the heating engineer to provide sufficient coil surface in each of 
the rooms to maintain the required comfort conditions under the 
most unfavorable weather conditions. The success of any in¬ 
stallation is not complete unless the same feeling of comfort 
exists in each and every room, and since it is practically impos¬ 
sible to insure this without some manual adjustment on the 
various circuits, it is recommended that an adjustable flow modu¬ 
lator fitting be inserted in each return pipe. 

It is also recommended that an automatic main control be in¬ 
stalled on the boiler connections to insure that the water entering 
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Fig. 99. Section of screwed type flow adjuster. 


the system will be at the correct temperature according to the 
outside weather conditions. The actual temperature of the water 
in the circuits and pipe coils, however, will vary according to the 
distance from the boiler and the actual hydraulic resistance in 
the several pipe coils. Since the pipe coils will vary in length and 
size, and some resistance of unknown quantity may be offered 
by kinks or indentations left in the bends or joints of the pipes, 
it is practically impossible to calculate the exact resistance or to . 
obtain a complete balance of circuits without the aid of some 
artificial resistance. Then again, some circuit pipes will give off 
more heat than others, depending on the composition and thick¬ 
ness of the material in which they are embedded, so that the 
actual temperature of the water in the coils may vary somewhat. 
Therefore, to insure a satisfactory heating system, it is advis¬ 
able to introduce an adjustable artificial resistance to each of 
the panel coils. These should be adjusted after the system has 
been operating for a short time because, once the final setting 
has been made, they should not be touched. Further reference 
will be made later to the setting of these circulation adjusters. 

Fig. 99 illustrates a type of flow adjuster most commonly used. 
These fittings can be supplied by the trade with screwed threads 
for wrought iron or steel pipes and plain socket ends for welding 
or brazing copper pipes. A metal box is usually provided with a 
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detachable cover, as shown in Fig. 100, so that the whole fitting 
is concealed in the concrete or plaster with provision made for 
removing the cover plate when desirable. 

Fig. 101 illustrates a combination circulation adjuster and a 
lockshield control valve. The circulation to any panel may be 
modulated or stopped entirely by manually operating the latter, 
if and when less or no heat is required in any particular room. 

In some types of floor heating where the coil pipes are of large 
size and the system is not too extended, it is often possible to 
obtain adequate gravity circulation without a pump. Such a 
system can be designed according to good standard practice, 
similar to that adopted when installing a gravity hot water system 
with cast iron radiators. The same care, however, must be 



Fig. 100. Flow adjuster valve with metal box and 

detachable cover. 
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exercised to see that air can escape freely to the overhead tany, 
as described previously. Such an installation is illustrated in 
Fig. 102. 

Instead of having a closed system connected directly to the city 
water supply through a reducing and relief valve fitting, an open 
system may be used as shown in Fig. 103. This method is widely 
used in Europe and in some parts of Canada. With this system 
a tank installed at high level is used as a supply and expansion 
tank. The tank is usually fitted with an automatic supply from 
the city water main, or arrangements can be made to fill the tank 
and system manually. Sufficient space is allowed in the tank above 
the ordinary water level when cold so that full expansion of the 
water may take place when heated, without any fear of water 
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Fig. 102. Large size pipe supported in air space under floor with gravity circulation. 
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Fig. 103. Open circulating system of heating with circulator and 

open expansion tank. 


passing through the overflow pipe. The overflow pipe is recom¬ 
mended for emergency only. An additional advantage with this 
system is that it will remain full of water even though the city 
supply is shut off. With this hookup it is possible to install open 
air pipes at any part of the system to air vent any high points 
without fear of water escaping, providing, of course, that the top 
of the open pipe is higher than the supply tank, plus the head 
created by the pump. With this open tank method it is quite 
satisfactory to use a circulating pump for quick circulation, as 
illustrated in Fig. 103. 



CHAPTER 11 

CONTROLS FOR RADIANT HEATING 

Since the objective of the heating engineer is to insure perfect 
comfort conditions under all weather conditions, the question of 
controls is of the utmost importance. While this is the case with 
any system of heating, it particularly applies to radiant heating 
because there are a number of important factors which do not 
arise in ordinary radiator or convector heating, and these must 
be given special consideration when a control system is being 
selected. 

There are many control systems available which, broadly speak¬ 
ing, may be divided into two groups: the continuous flow type 
and the on-and^off systems. It is also possible, however, to have 
a dual type control which operates partly with a continuous flow 
and modulating temperature, and a positive shut-off at intervals. 

Continuous and "On-and-Off" Control Systems 

The term continuous flow is generally applied to those systems 
where the heating medium is allowed to flow continuously while 
the temperature of the medium is modulated or varied to meet 
the requirements of the building. The on-and-off systems are 
those in which the flow of the heating medium is interrupted in 
such a fashion that the length of time during which the heat 
passes into the system is increased or reduced according to 
weather conditions. 

When hot water is used as the heating medium, it is essential 
for good regulation to have forced or accelerated circulation of 
the water through the system by a pump because this enables the 
system to respond rapidly to the control applied. With gravity 
circulation the pipes must be larger, and the greater water con¬ 
tent of these larger pipes makes it more difficult to control be¬ 
cause of the large heat reserve. Furthermore, the comparative 
sluggishness of the circulation creates a time lag which promotes 
uncomfortable “hot” and “cold” periods. 

Controlling the heat by starting and stopping the circulator 
may be simple, but the method has certain disadvantages. In the 
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first place, all systems under thermostatic control have a definite 
lag, so that rooms often become uncomfortably cool before the 
recirculation of the heating medium has time to restore the de¬ 
sired comfort conditions. On the other hand, too much heat often 
passes into the system before it is shut off by the room thermo¬ 
stat, and this results in overheating of the rooms. 

In designing a radiant heating system with several circuits, 
it is almost impossible to obtain a complete balance of circuit 
resistance and heat reserve for all rooms in a building, with the 
result that when the heat is shut off, some rooms cool much more 
rapidly than others. Even with a standard type building the ex¬ 
posure losses from rooms will be found to vary widely, and those 
rooms with the greatest exposure will cool more rapidly than 
those sheltered from the weather by other rooms or adjacent 
buildings. 

When an on-and-off control turns on the heat, it does not follow 
that the circulation will start up evenly in all rooms, even if 
balancing fittings are inserted in all circuits. It is equally un¬ 
certain that the heat will penetrate through the materials of the 
panel construction to give equable heat in all rooms at the same 
time. 

However, the most fundamental objection to the on-and-off 
principle of control with radiant heat is that it allows the surface 
of the panel to cool, and thereby defeats intermittently the whole 
purpose of radiant heat. Fig. 104 gives the actual recorded air 
temperatures and surface temperatures of a concrete floor in 
which pipes were embedded and controlled by an on-and-off 
switch operating the pump according to room temperature. The 
control was set to start the pump when the air temperature 
dropped to 68°F. In this case, the bottom of the pipes was 2 
inches below the top surface of the concrete floor. The lag and 
amount of variation will, however, vary according to the depth 
of the pipes below the surface and the type of floor covering. It 
will be noted that the floor surface temperature did not go above 
83°F. This was the highest temperature necessary in the par¬ 
ticular room under observation. 

It has been shown that the function of the warmer surfaces 
of radiant heat panels is to give off infra-red rays and thereby 
prevent the body from losing too much heat by radiation, making 
possible a lower surrounding air temperature. If these panel 
surfaces are allowed to become cold at intervals, the whole sys¬ 
tem ceases to function as radiant heating, and the human body 
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then becomes exposed to cold surfaces with a falling air temper¬ 
ature. The effect of these conditions on the human body will be 
equivalent to that of a cloud passing over the sun. 

When the type of control is being considered, the question of 
fuel economy is also involved, and it has been the author’s experi¬ 
ence that a well controlled continuous flow system is much more 
economical than an on-and-off control. One reason why this is 
so may be apparent from Fig. 105. In this graph line X repre¬ 
sents the effective temperature or comfort line in a given room 
or building, and any temperature conditions below this line may 
be assumed to be too low for human comfort. Since any on-and- 
off control must rely on a differential temperature with limits 
within which it can operate, the actual temperature conditions 
with on-and-off control will follow an undulating path, somewhat 
similar to curve Y. The more massive the construction, the 
greater will be the temperature variation, unless it is extremely 
large, as in the case of a large church or cathedral. The problem 
there is entirely different and any on-and-off control must be 
operated on a time limit and not on inside air temperature. 



Fig. 104. Variation of air and surface temperatures with 

on-and-off control. 
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If the purpose of the heating system is to prevent the occu¬ 
pants from feeling cold at all times, then the curve Y must always 
be above the line X. This means that the shaded portion repre¬ 
sents overheating and waste of fuel. If, on the other hand, the 
amount of overheating is to be reduced, it must be accomplished 
at the expense of warmth, because lowering the temperature of 
operation will produce periods when the room temperature will 
be too cold, since curve Y will then dip below the line X instead 
of keeping above. For the sake of comparison, the curve Z indi¬ 
cates the probable path of the temperature conditions with a 
continuous flow control with modulated water temperatures. 

With the continuous flow method of control the temperature 
of the heating medium is modulated automatically according to 
the heat requirements and, usually, this modulation is controlled 
by the outside weather conditions. One way of doing this is to 



Fig. 105. Relative variation in air temperatures with different 

types of control. 
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control the temperature of the circulating water by a three-way 
valve operated by an outside thermostat. For finer control a 
room comfortstat is employed to bring about a further control 
of the water temperature according to the actual conditions in¬ 
side the building. The advantage of using this principle is that 
the heated surfaces can be maintained at just the right temper¬ 
ature for comfort under all weather conditions, and since such 
a control functions primarily from an outside thermostat, it does, 
to a large degree, anticipate* the action of the outside weather 
on the heat loss from the building. 

A further examination of these points will be made later in 
describing the details of an actual control. 

In addition to the differences which exist between the two types 
of controls as they affect human comfort, there is a serious dif¬ 
ference in the effect they have on the hidden coils. 

If the pipe coils are supported against or resting on wood 
joists, as illustrated in Fig. 150, there is the possibility that a 
squeaky noise will develop every time the control functions be¬ 
cause the pipes are moving on the wood as they expand or con¬ 
tract when the circulation is started or stopped. Such noises can 
become very objectionable. To a certain extent this can be guard¬ 
ed against by inserting strips of special material between the 
pipes and wood supports, but even so whenever pipes are sup¬ 
ported in contact with wood or other similar material, there is 
always the possibility of a noise developing when the heat is 
started up quickly, as it is with an automatic on-and-off control. 

When the pipe coils are embedded in concrete or plaster, there 
is undoubtedly some strain put on the molecules of the metal in 
the pipes when the heat is either turned on or off with each 
change in temperature. If changes in the temperature of the 
heating medium take place gradually, there is sufficient time for 
the concrete or plaster in which the pipes are embedded to ab¬ 
sorb heat and respond to these changes in temperature by ex¬ 
panding or contracting in sympathy with the metal pipes. Not 
only does this minimize the risk of plaster or cement cracking, 
but it also reduces the strain which an on-and-off control exerts 
on the molecules of the pipe material. It seems obvious that these 
alternating stresses and strains which take place as the pipes 
expand and contract must affect the hardness of the pipe and, 
in consequence, its life. The full effect of this may not be evident 
for a year or two, but in the erection of a building with pipes 
embedded in the construction of floors, walls, or ceilings, all fac- 
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tors of durability must be given serious consideration, both in 
the method of applying the material and the method of operating. 
A compromise would be to use a continuous flow control for mod¬ 
ulating the temperature of the heating medium according to the 
outside weather conditions, as far as possible, and to use an 
on-and-off control to ease off the high peaks which occur only on 
rare occasions. With this arrangement the number of cycles for 
on-and-off movements is reduced considerably and the life of the 
pipes will be lengthened accordingly. 

Reference has already been made to the trouble experienced 



Fig. 106. Liquid expansion water blender controlled 

by outside air temperature. 
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when radiant heating; was in its infancy because of the use of 
“compo” pipes embedded in plaster. Experience has taught the 
need for care in making selections of new material and methods 
when so much is involved. Too much care cannot be taken when 
selecting not only the type of control to use, but also the mate¬ 
rial, method of construction, and amount of pipe embedded in 
the doors and ceilings of expensive buildings. 

When warm air is the heating medium, the on-and-off type of 
control does not present all the complications it does when used 
with embedded pipe coils, but even with warm air it is found 
that in the ordinary type of building construction used for resi¬ 
dences, the rapid cooling effect when heat is turned off is adverse 
to human comfort. Even with warm air conveyed in metal ducts, 
there is the possibility of noises with an on-and-off control, due 
to the sudden expansion and contraction of the metal ducts at 
each cycle. With ordinary warm air heating systems this often 
takes place, especially after the system has been in use for a 
year or two. Noises may not be noticeable with a new system 
because of the rigid fastening of the ducts, but as the surround¬ 
ing woodwork becomes dry, shrinks, and distorts, trouble in this 
direction may arise. 

Along this same line, it is common knowledge that practically 
all woodwork, including wood stairs, floor boards and doors, if 
not thoroughly dried before erection, will in time shrink and 
cause creaky noises when pressure is applied. These possibilities 
should be taken into consideration not only when selecting con¬ 
trols, but also in the designing of the entire heating system. The 
final results of any system will depend on how well adverse fac¬ 
tors associated with every system have been taken into consider¬ 
ation in the initial design. The writer emphasizes again that it 
is much safer and more efficient to rely on gradual changes in 
temperature for any kind of material, especially where pipes are 
embedded in plaster or concrete. 


General Characteristics of Controls 

It is impossible to give, in these few pages, a complete descrip¬ 
tion of every known control, but by considering the characteris¬ 
tics of certain simple types long used by the author, we shall see 
how well they fit into the picture of human comfort. ^ 

One simple type of control for continuous operation is illus¬ 
trated in Fig. 106. The function of this control is as follows: 
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Hot water from the boiler or heater enters the valve at connec¬ 
tion 1, a portion of the return water from the system .enters at 
connection 2, and the blended water for the heating system leaves 
the valve at connection 5. 

When the system is in operation hot water from the boiler will 
flow in the direction of the arrows and, in doing so, will pass 
over the thermostatic element A. As the element A is heated by 
the hot water from the boiler, the liquid inside begins to expand 
and pushes the stem B outward, causing it to press against the 
stem S of the valve V. The result of this action is to move the 
valve disc V away from the top seat and toward the bottom seat 
of the hot water inlet port, thereby opening the return water 
port to allow some return water from the pump to enter the 
valve and mix with the hot water from the boiler. The valve disc 
V, in moving closer to the hot water port, partially eloses the 
opening and restricts the flow of hot water from the boiler. The 
mixing takes place in the chamber C. 

Since the element A is connected by the capillary tube E and 
hermetically sealed to the outside thermostat D, any increase in 
the outside air temperature will cause the liquid enclosed in the 
thermostat D to expand and force some of its contents along the 
capillary tubing E into the element A. The liquid thus forced 
into the element A will increase the quantity in the latter and 
help to push the stem B of the thermostat farther out and to 
tend to close the hot water port as it forces the valve V down¬ 
wards. Therefore, with this simple device, the valve V is moved 
farther away from the seat of the return inlet port R, and the 
opening on the hot water port at P is simultaneously reduced, 
thereby causing less hot water and more return water to enter 
the valve as the outside temperature increases. The two thermo¬ 
stats A and D are designed to meet the full range of weather 
conditions which the heating system has to deal with, and the 
sizes are such that the relative movements give a predetermined 
relation between the temperature of the water in the system and 
the prevailing outside air temperature. Broadly speaking, this 
relation may be represented by the line X in Fig. 107, although 
adjustments may be made by turning the cap K, shown in Fig. 
106. This adjustment will either raise or lower the temperature 
of the blended water, depending on the direction of rotation, so 
that, actually, the relation between the outside air temperature 
and the blended water temperature can be made to respond to 
any line between the lines X, and X 2 . It is possible to calibrate 
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this instrument to operate within almost any range of tempei'- 
atures which may be found desirable. 

A more comprehensive control is shown in Fig. 108. Although 
similar in design and operation to that shown in Fig. 106, it has 
an additional feature in the side adjustment at G which enables 
any of the lines shown in Fig. 107 to be tilted at different angles. 
For instance, when deciding on a control for a radiant heating 
job with pipes embedded in plaster, the hot water flow temper¬ 
ature to the system may have been estimated to follow approxi¬ 
mately the line N in Fig. 109. (Also shown in line X in Fig. 107.) 
In actual operation, however, this relationship may be found to 
give too low a temperature in cold weather and too warm a tem¬ 
perature in very mild weather. It then becomes desirable to make 
an adjustment to alter the slope of the line. This, in the case of 
the instrument illustrated in Fig. 108, is accomplished by turn¬ 
ing the key at G. By this action the sliding block at H is moved 



Fig. 107. Relation between outside air temperature and 
temperature of water to system of coils. 
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outwards. This increases the distance M and decreases the dis¬ 
tance N. thereby making the ratio M:N greater. The mechanical 
ratio of the levers is thereby altered and this causes the ele- 
rnent A to give less movement to the valve disc in relation to 
the movement of the stem S of thermostat A. A greater propor¬ 
tion of the hot water from the boiler for a corresponding outside 
temperature is then allowed to pass. This will result in a differ¬ 
ential relation similar to that indicated by the line 7, Fig. 109. 
The line can be adjusted to any other position, depending on how 



Fig. 108. Automatic water blender controlled by outside air 
temperature with compensating adjustment. 
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much turning movement is given to the key G. It is possible, 
therefore, with this side adjustment and the knob K at the top 
to set the instrument to maintain automatically higher room 
temperatures during very cold weather without fear of overheat¬ 
ing during mild weather. Conversely, if for any special reason 
it is found desirable to have cooler surfaces during cold weather 
and still retain the calibrated setting for mild weather, the key 
at G can be turned in the opposite direction and a relation some¬ 
what as indicated by the line U can be obtained. 

A relief spring is provided in the outside thermostat at J to 
take care of overheating in the summer-time, an essential point 
to be considered. 

Outside Thermostat Sensitive to 
Radiation and Wind Velocity 

When it is desirable to install an automatic control which is 
responsive to wind velocity and to local atmospheric or strato- 
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Fig. 109. Chart showing relation between outside air temperature 

and temperature of blended water. 
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Fig. 110. Outside thermostat sensitive to radiation and 

wind velocity. 


spheric radiation, either positive or negative, a heated outside 
thermostat may be used, similar to that illustrated in Fig. 110. 
The outside thermostat D is placed in an enclosure E in which 
is inserted an electric heater C. A predetermined current is 
allowed to pass the heater C to maintain a temperature inside 
the enclosure similar to that in the building being heated, and 
the thermostat D then functions according to the rate at which 
the enclosure loses or gains its heat. If the wind velocity in¬ 
creases, or if the outside air temperature falls, more heat is 
given off from the thermostat housing and this produces a lower 
air temperature surrounding the bulb, with a consequent cooling 
of the bulb D. This affects the control and gives a correspond¬ 
ingly higher temperature for the circulating water. If infra-red 
rays from the stratosphere or from local structures reach the 
thermostat housing, these will reduce the heat loss from the 
housing and increase the temperature surrounding the thermo¬ 
stat D, causing it to lower the temperature of the blended water. 
This is important because in the same manner as the bulb is 
affected by heat rays impinging on the enclosure, so will the 
building itself be affected. In like manner, if infra-red rays are 
given off from the thermostat housing to the stratosphere, it will 
become cooler as will the building and for the same reason. 

In this way, the heated outside thermostat functions in sym¬ 
pathy with the building in every respect. It seems, therefore, 
that this type of outdoor thermostat is more reliable and accu- 
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rate than the ordinary type, since it is sensitive to all the known 
heat loss and heat gain factors which affect an ordinary building. 
With some type of control it is possible, of course, to take care 
of the extra heat loss due to wind velocity by using the anemom- 
etry method. In these cases more or less heat is put into the 
building according to the velocity or pressure of the wind. Such 



PIfl. 111. Automatic water blender controlled by outalde air 
temperature and temperature of room. 
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controls, however, are not sensitive to the very important factor 
of heat radiation. 

While it is possible with the controls already described to com¬ 
bine the action of an ordinary outside thermostat and a blender 
thermostat to control the temperature of the water to the system 
according: to any predetermined relation based on outside air 
temperature, and also to a certain extent to take care of factors 
due to radiation and so forth, some of which have already been 



Fig. 112. Room thermostat sensitive to effective 

temperature of room. 
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discussed, there are occasions when other factors will seriously 
affect the temperature and comfort of the individual rooms. For 
instance, it is known that the actual heat loss from a room is 
not controlled entirely by outside air temperature, not even if 
wind velocity and stratospheric radiation are taken into account, 
because the solar and local rays which may travel to a building 
as conditions change play a prominent part in the equation of 
heat losses. Consequently, there are times when the heat sup¬ 
plied to a building by the heating system is greater than the heat 
losses to the outside, and the rooms become somewhat overheated. 

It is not overstating the facts to say that it does not seem 
possible for any ordinary control operated by outside conditions 
alone to take care of all atmospheric, local, and stratospheric 
changes which affect heat losses from a building, so that at times 
there is a real possibility that the rooms may become a little too 
warm for real comfort. To take care of these conditions, it is 
necessary to use some kind of room comfortstat. If an instru¬ 
ment similar to that shown in Fig. 108 is employed for modu¬ 
lating the temperature of the circulating water, an auxiliary 
bulb, as indicated at Q in Fig. Ill, is added to the thermostatic 
system for the purpose of eliminating high peaks of internal 
temperature which may otherwise arise. This auxiliary bulb Q 
is fitted with an electric heating coil H so that the liquid in the 
bulb Q may be heated to a temperature depending on the amount 
of electric current passing through the coil H. The current sup¬ 
ply to the heater H is controlled by the room comfortstat S. (See 
Fig. 113.) Since the auxiliary bulb is also filled with a liquid and 
forms part of the thermostatic system of the control, it is easy 
to see that any increase in the temperature of this bulb will force 
some of the liquid from the bulb Q into the thermostatic element 
A of the mixing valve. This will cause the valve disc V to move 
closer to the hot water port P and, thereby, reduce the quantity 
of hot water entering the blender. If suflScient heat is applied 
to the bulb Q, the movement will be enough to close the hot water 
port entirely. The result of this action is that the temperature 
of the water fiowing to the heating system will be reduced to any 
given amount, but the circulation will not be stopped entirely. 

The room comfortstat S may be of the non-heated type illus¬ 
trated in Fig. H2, or the heated type illustrated in Fig. 113. 
Either of these types is responsive to radiant rays and is, there¬ 
fore, more satisfactory for radiant heat systems than the ordi¬ 
nary room thermostat. 
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Globe Thermometer to Indicate Combined 
EHect of Radiation and Air Temperature 

It has long been recognized that an ordinary thermometer 
registering the air temperature alone is not a true criterion of 
human comfort because it is not sensitive to the cold surfaces 
surrounding the body, or even to air movement, conditions which 
may cause an even greater heat loss from the human body and 
more discomfort than a slight lowering of the air temperature. 



Fig. 113. Room comfortstat sensitive to operative 

temperature of room. 
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The globe thermometer, invented by H. M. Vernon and illus¬ 
trated in Fig. 114, which comprises a thin wall copper sphere 
about 6 to 8 inches in diameter with a blackened surface, and an 
ordinary mercury thermometer with its bulb placed in the center 
of the sphere, gives a fairly reliable reading of the combined effect 
of radiation and air temperature, sometimes referred to as the 

radiation-convection temperature. 
The sphere may be covered with 
cloth, which tends to make it 
more effective. The infra-red 
rays from the heat panels im¬ 
pinge on the blackened surface 
and, consequently, raise the tem¬ 
perature slightly, the amount of 
the increase depending on the in¬ 
tensity of the rays received and 
the heat lost to cooler surround¬ 
ing surfaces. 

While the globe thermometer 
is a useful instrument to meas¬ 
ure the effect of radiant heat 
panels and usually registers two 
or three degrees above an or¬ 
dinary mercury thermometer in 
a radiant heated room, the sphere 
is unheated and is, therefore, 
not greatly affected by air move¬ 
ment as is the heated sphere of 
the control shown in Fig. 113. 
The word “convection,” therefore, 
is somewhat misapplied in the 
term “radiation-convection” tem¬ 
perature when it is used in refer¬ 
ence to the globe thermometer. 
The principle of the globe thermometer is used in both controls 
illustrated in Figs. 112 and 113. Fig. 112 illustrates a comfort- 
stat in which a liquid expansion thermostat A is placed in the 
center of the sphere so that it can respond to the combined effect 
of air temperature and radiation as does the mercury ther¬ 
mometer in Fig. 114. If the room air which surrounds the sphere 
is increased in temperature, or if the heat rays from radiant 
panels being absorbed by the blackened surface become too in- 



Flg. 114. 

Vernon globe thermometer. 
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Fig. 116. Panel type room comfortatat aeneltive to operative temperature of 
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tense, the liquid inside the thermostat A expands and causes 
the stem of the thermostat to press against the switch B, thereby 
closing the electric circuit. This sends a current of electricity 
through the heater H and warms the auxiliary bulb Q. See Fig. 
111. The heating of the auxiliary bulb expands the enclosed 
liquid and forces some of its contents into the thermostat A of 
the blender valve and thus reduces the temperature of the water 
to the panels, as previously explained, automatically maintaining 
comfort conditions in the room without entirely shutting off heat. 

The heated type comfortstat illustr.ated in Fig. 113 is con¬ 
structed similarly to the type shown in Fig. 112, but the former 
is fitted with an electric heater Z to maintain the surface of the 
sphere at a predetermined temperature above that of the room. 
The amount of electric current passing through the heater Z is 
factory adjusted to maintain a surface temperature of the sphere 
about 81®F, which is equivalent to the exposed surface temper¬ 
ature and clothes of the human body. 

Heat is given off from the sphere by convection, depending on 
the room air temperature and the velocity of the air over the 
sphere. Heat is also given off by radiation, the amount depending 
on the differences between the surface temperature of the sphere 
and the average surface temperature of the walls, windows, ceil¬ 
ing, etc., in the same manner as by the human body. As long as 
the heat loss from the sphere is more than the heat gain by the 
input from heater Z, the air inside the sphere is maintained be¬ 
low its normal temperature. This prevents the thermostat A 
from operating the switch B. If, on the other hand, the average 
temperature of the enclosing surfaces, including the heated sur¬ 
faces, are above normal, or if the air in the room is too warm, 
then more heat reaches the sphere and the loss of heat from the 
sphere is reduced so that the heater Z builds up a higher tem¬ 
perature inside the sphere. This increased temperature causes 
the thermostat A to expand and operate the switch B, which 
closes the electric circuit and allows the current to pass through 
the heater H on auxiliary bulb Q with results as described in the 
foregoing test. 

These same instruments may be used to control the supply to 
electrically-heated panels, or to operate motorized or solenoid 
valves inserted in the circuit pipes. They may also be used to 
operate motor-driven fans used for circulating warm air in ducts 
when warm air is the heating medium for radiant heat panels, 
or to control oil burners or automatic stokers. 
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Fig. 116. Vapor pressure room comfortstat sensitive 

to operative temperature. 


While the globe type control is perhaps the most effective shape 
to use because the whole of its surface is exposed to all sides of 
the room and air motion in the room, its size and appearance do 
not always harmonize with the furniture and decorations of an 
important room. Consequently, there is a tendency to place this 
instrument in an inconspicuous part of the room, which invariably 
is undesirable—a location where it is perhaps shielded from the 
rays emitted by the heated panels, or in a recess where it cannot 
be affected by the true air temperature. 

The flat panel type comfortstat shown in Fig. 115 is less con¬ 
spicuous than previous designs, since this may be placed in a 
wooden panel flush with the surface of the panel or in a recess 
formed in the wall and then painted or otherwise treated to 
harmonize with the decorations and furniture, providing the 
surface is not rendered ineffective to radiant rays. Its function 
is the same as the instrument shown in Fig. 113 and it is fitted 
with an electric heater and switch, as is the globe type. The sur¬ 
face of the front plate P is maintained at about 81°F and gives 
off heat to the surrounding objects as does the surface of the 
spherical type. This instrument can be made with a dome-shaped 
surface to make it more effective. 

Another type of comfortstat operating on a somewhat different 
principle is illustrated in Fig. 116. This also consists of a black¬ 
ened copper sphere, 6 or 8 inches in diameter, in which a cylin¬ 
drical sump contains a volatile liquid. A small electric heating 
coil H heats this liquid to its boiling temperature and creates a 
vapor pressure in the sphere. The pressure remains constant as 
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long as the total heat loss from the sphere is at the desired rate. 
If the “equivalent temperature” of the room becomes too high 
for human comfort, the heat loss from the sphere is reduced and 
a greater pressure is created within the sphere due to the smaller 
heat loss from the instrument. This extra pressure acts on a 
diaphragm, and the diaphragm in turn moves to operate a switch 
for reducing the supply of heat to the room. 

The eupatheoscope described in Chapter 4 is also easily adapted 



Fig. 117. Automatic water blender controlled by outside alp 
temperature and operated by time clock. 
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to function as a comfortstat and may be used to switch the elec¬ 
tric current on or off according to the equivalent temperature of 
the room. 

Time Control 

With or without these thermostatic control instruments it is 
often found desirable to introduce a time control to turn on or 
increase the heat at a given time each day and to maintain a pre¬ 
determined lower temperature for night use. This may be accom¬ 
plished in several ways depending on the particular buildings and 
hours of operating. For instance, it may be desirable when using 
the combination shown in Fig. Ill to have a time control installed 
to maintain a lower temperature during the night and to auto¬ 
matically raise the temperature at a predetermined time in the 
morning. Such a set-up is illustrated in Fig. 117 where the time 
clock is shown at C. 



Fig. 118. Control for warm air heating medium to operate 
oil burner or stoker with outside thermostat. 
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The clock is adjusted to switch on the current at a pre¬ 
determined time in the evening when it allows the current to 
pass through the heater H and warm the auxiliary bulb Q. This 
depresses the temperature of the circulating water to any desired 
amount. The exact amount can be obtained by moving the resist¬ 
ance contact at N. At a given time in the morning the time clock 
will automatically switch off the current from the electric heater 
H and allow the control to maintain automatically the maximum 
temperature called for by the air temperature surrounding the 
outside bulb D. 

When radiant heat systems are installed in buildings where 
human comfort is not the primary objective—such as garages, 
show-rooms, and warehouses—the comfortstat control is not so 
essential, and in such cases an ordinary room thermostat to control 
the pump may suffice. There is, however, the possibility of trouble 
arising due to stresses and strains set up in the metal of the pipes 
due to the repeated heating and cooling. 

If metal panels are used, the question of strain on the 
material is not so important because the metal plates will expand 
more or less uniformly. However, if such metal panels are in¬ 
stalled in rooms to be occupied continuously, such as living rooms 
or offices, then to insure the proper comfort conditions at all times 
it is essential to maintain continuous circulation by installing 
some kind of continuous flow temperature control. 

Control for Warm Air Heating Medium 
when Stoker or Oil Burner is Used 

When warm air is the heating medium, a control somewhat 
similar to that illustrated in Fig. 118 may be employed if a 
stoker or oil burner is used. The coil thermostat S is placed in 
the main warm air duct from the heater and as the temperature 
of the air increases, the liquid inside the bulb expands and pushes 
the stem R upward. This movement causes the lever M to turn 
on the fulcrum pin T, and if the outside air surrounding the 
bulb D becomes warmer, this causes the liquid in D to expand 
and pushes the stem P upward. If both the stems R and P move 
upward, the lever M instead of turning on the fulcrum pin T also 
moves upward and operates the switch W to cut off the oil burner 
or stoker. 

The relation between the movement of the stem R and the 
stem P is such that there will be a definite relation between the 
temperature of the air surrounding the bulb S and the outside 
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air temperature surrounding bulb D when the current is shut off. 

The temperature of operation can be adjusted by the adjust¬ 
ment knob H to suit the requirements of the building. The control 
shown in Fig. 119 operates on a similar principle, but the lever M 
is made to operate a system of dampers which blend some recir¬ 
culating air with hot air and thereby maintain a constant cir¬ 
culation of air in the ducts at the correct temperature, in the same 
manner as the control shown in Fig. 106 blends the circulating 
water. 

If the building is of massive construction, similar to the 
cathedral illustrated in Chapter 8 (Fig. 49), then an on-and-ofi 
control may be quite satisfactory because of the large heat re¬ 
serve. A time control, however, will prove more satisfactory than 
a temperature control. If a room thermostat or comfortstat is 
used inside such a massive structure, the time lag created by 
such instruments may present a serious problem because, after 
the thermostat operates, it takes a considerable time for the heat 
to penetrate the massive construction work. A comfortstat may 
be used as a limiting switch, but only if a continuous type 
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weather control is installed, as shown in Fig’s. 118 and 119. Re¬ 
gardless of the heating medium used and the method adopted 
for heating the panels, it is undoubtedly safer to use the contin¬ 
uous flow type for all systems of heating. 

For very small installations, especially in low cost houses, the 
question of initial cost often presents a problem when consider¬ 
ing controls. However, even in these cases, consideration should 
be given to safety, health, and fuel economy. 

Controls for Hot Water Boilers 

If a hot water boiler is installed for building heating only, the 
question of controls is simplifled, because any good automatic 
temperature control may be installed on the boiler to prevent 
damage due to overheating. With radiant heating, especially if 
the pipes are embedded in plaster or concrete, it is imperative 
to provide some means to prevent overheating of the water, al¬ 
though this alone will not take care of the changing weather 
conditions. 

If one hot water boiler has to be used for the dual purpose of 
supplying heat to the system and hot water for domestic pur¬ 
poses, then it is necessary to operate the boiler at a temperature 
too high for radiant heating. Generally a temperature of 160® F 
to 180°F is required. Fig. 92 illustrates a simple method of deal¬ 
ing. with this and one which is often used with reasonable suc¬ 
cess. The size of the bypass pipe E should be the same as the 
return pipe from the pump, because in mild weather most of the 
return water will pass through this pipe. An aquastat should be 
installed on the boiler to maintain a constant temperature, and 
the valve S is adjusted so that the temperature of the blended 
water in the pipe P going to the heating system never goes above 
the maximum safe temperature for the heating coils. An addi¬ 
tional valve may be inserted at XJ. This can also be adjusted in 
conjunction with valve S, By manually setting both valves a more 
positive control can be obtained. Instead of relying on the manu¬ 
ally-operated valves S and V, an automatic blender with manual 
adjustment may be used, as illustrated in Fig. 120. As the water 
passes over the thermostat T, it causes the thermostat to funo* 
tion and move the valve disc V to a position where the correct 
blending is insured. 

The foregoing suggestions must be considered as a compromise 
and not as a recommendation, since neither of these methods 
compensates for varying outside temperatures and, therefore, it 
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becomes necessary to use a room thermostat to control the circu¬ 
lator in the heating system. 

Controls when Zoning is a Factor 

The question of zoning often arises, especially with large apart¬ 
ment buildings and extended residences, and for such installations 
the best plan is to use a separate weather control valve and sepa¬ 
rate pump for each zone. This is especially desirable when one 
side of the residence faces due south and the opposite side due 
north. With two zones it is possible to carry the flow pipe of 
each zone along the outside wall of the respective side and to have 
a common return pipe in the center of the building. Where the 



Fig. 120. Boiler connection with manually adjuated-automatfe 

blender for water medium. 
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Fig. 121. Hook-up for controlling several zones with pump 

for each zone. 


initial coats for a separate control on each zone cannot be con¬ 
sidered, or where the layout of the mains will not permit a numr 
her of controls, a compromise may be made by having^ one weather 
control for the complete installation and a separate pump for each 
zone, controlled by a room comfortstat in each apartment. On 
the other hand, this method makes it necessary for the circula¬ 
tion to be stopped entirely at intervals and may give rise to com¬ 
plaints by some occupants who require a little heat at all times. 

As an alternative to the foregoing, it may be advisable to ar¬ 
range the circuits for the various zones, as illustrated in Fig. 121. 
A solenoid valve may be inserted at X in each return or, better 
still, a motorized three-way valve may be inserted at the junction 
y and operated by a comfortstat in the apartment. Normally, 
the blender control valve M regulates the temperature of the 
water circulating to the system in accordance with the air tem¬ 
perature surrounding the outside bulb D. 

In the event the rooms in any one of the zones reach a temper¬ 
ature too high for comfort, the room comfortstat will operate the 
valve X or valve Y and divert all or part of the return water 
back into the particular zone affected. 

If it is not possible or desirable to install a separate circu- 
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Fig. 122. Hook-up for controlling several zones with one 

central pump. 


lating pump for each zone, a compromise may be made to use 
one large pump for the complete installation and install a solenoid 
or motorized valve which would be inserted at Z, Fig. 122, to be 
operated by a room comfortstat in each zone. This would main¬ 
tain a constant circulation in each circuit only when the valve Z 
is open. If the room temperature in one zone becomes too high, 
the comfortstat in that zone would close its valve Z and stop the 
circulation. 

Controlling Temperatures in 
Radiant Heat Installations 

In controlling the temperatures in a radiant heat installation, 
full advantage should be taken of the velocity control fittings 
illustrated in Fig. 99. These fittings are inserted in each circuit 
to obtain a balance of thermal resistance, which is more impor-- 
tant than frictional resistance. While some regulation may be 
carried out before the coils are covered, the final regulation can¬ 
not be carried out until the building is completed. Before the 
system is started and before the pipes are covered, all control 
fittings should be set wide open. A careful check over the various 
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circuits should be made after starting the heating circulation, 
and if there is a fairly wide variation in the temperature of the 
return connections, those fittings on the hotter returns should 
be retarded slightly. It is advisable to carry out such a test with 
water at about lOO^F to 110°F so that any variation in the tem¬ 
perature of the return connection can be readily felt with the 
hand. In the event that any circuit gives a very low temperature 
on the return, or if with a grid coil any pipe is cooler than the 
others, investigation should be made and the fault rectified before 
the pipes are covered. It may be due to air locks in the coil or 
some dirt or other foreign matefial lodged in the pipes. 

After the installation is complete and all plastering and trim 
finished, the final regulation should be made. Before this is done 
the weather control should be set to give the desired fiow tem¬ 
perature corresponding to the outside temperature at the time 
of test, and a globe thermometer or similar instrument placed in 
each room. The most important object in regulating a system is 
to obtain equable room temperature conditions under all outside 
weather conditions unless for some definite purpose it is intended 
to maintain some rooms at a relatively lower temperature than 
the others. Unequal temperature conditions will result in a 
lot of trouble and cause perpetual annoyance and complaints, 
regardless of how warm some of the other rooms may be. A vari¬ 
ation in the return water from individual coils may, to a large 
extent, be ignored, providing all the rooms are maintained at a 
satisfactory comfort condition. Of course, it is not advisable to 
have too big a drop in temperature through the coil, otherwise 
some parts of the heated surface will be comparatively cool and 
cold spots will result. 

After the system has been working steadily for several hours 
with a fiow water temperature consistent with the outside tem¬ 
perature, the velocity regulating valves for those rooms having 
the highest temperature conditions will have to be checked, pro¬ 
viding that the overheat is not due to solar radiation or some 
other intermittent cause. With a control fitting as illustrated 
in Fig. 99, the regulation is done by turning the valve spindle S 
very slightly at each adjustment, using a screw-driver. Only 
those fittings inserted in the circuits of coils affecting the higher 
temperature rooms must be adjusted, although it will be found 
that after adjusting a few of the valves in the higher temper¬ 
ature rooms, more will need treating until a perfect balance of 
heat is obtained. 
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The regulation should be done gradually until equable room 
temperature conditions throughout the building are attained. In 
a large building this may take several days to accomplish, as 
sufficient time must be allowed after each resetting of the valves 
for the full effect to be felt in each of the rooms. As the higher 
room temperatures are made to drop and become more even, the 
movement given at each resetting should be less. It should be 
remembered that the success of the system depends very largely 
on the way the circulation is balanced. After the final regulation 
these control fittings should be locked in some way so that they 
cannot be tampered with. With this particular type the cap C is 
forced down on the cone to prevent easy removal. If desirable, 
hidden manually-operated control valves may also be installed for 
each room. These valves will be found useful for bedrooms and 
other places where it may be desirable to lower the room temper¬ 
ature and shut off the heat entirely at certain periods without 
disturbing any other part of the system. 

The foregoing lengthy discussion of controls is merely for the 
purpose of explaining how the author has met the problems of 
what he considers an important phase in the field of heating. 

After trying different types of controls over a number of years 
on various buildings, thei*e appears to be nothing more reliable 
than an instrument which primarily relies on outside conditions 
for its modulation, supplemented with a reliable room comfortstat 
for final control. 

It is possible, under favorable conditions and within a short 
range of outside temperatures, to obtain reasonable control with 
a room thermostat only, but to cover all types of buildings and 
the wide range of outside weather conditions in this country, it 
is essential that the temperature of the circulating medium be 
modulated by something more than the room conditions. 

Undoubtedly, other designs can be used with good results, 
providing the characteristics of the controls are correlative with 
the particular type of heating and that their effect does not cause 
excessive stresses and strains in the coils or building material. 



CHAPTER 12 


\ 

AREAS AND SURFACE TEMPERATURES 
OF RADIANT HEAT PANELS 


Calculations for radiant heating are in many respects entirely 
different from those for convection heating. Calculations for the 
latter are to determine and compensate for the rate of heat loss 
from the room when the air in the room is maintained at a pre¬ 
determined temperature; whereas, with radiant heating, the 
regulation of the rate of heat loss from the human body in its 
several forms is involved. 

The first step in making radiant heating calculations for a 
given space is to determine the most suitable combination of air 
temperature and mean radiant temperature (MRT). Second, the 
location of the heated surface (or panels) must be decided; third, 
the heat losses of the space should be calculated, and fourth, the 
detailed calculations must be made to find the panel temperature 
and area needed to (a) produce the required MRT and air tem¬ 
perature and (b) offset the heat losses from the space. 

Selecting the MRT and Air Temperature 

In Fig. 123 Curve B defines what the author has found to be 
a fairly reliable relation between the MRT and air temperature 
of a room in order to balance the total heat losses from the human 
body when the average surface temperature of clothing and ex¬ 
posed surface is 80°F. The point A on Curve B indicates the 
most satisfactory conditions with an MRT of 71°F and an air 
temperature of 65®F. Curve C, on, the other hand, gives the re¬ 
lation between the MRT of 72°F and an air temperature of 68®F, 
as indicated by point E as discussed in an earlier chapter. 

Curves B and C, therefore, represent what may be considered 
to be fairly correct conditions for a complete balance of radiation 
and convection heat losses, and seem to agree with the physical 
and physiological function of the human body under the condi- 
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tions j?ivcn in the foreffoingr. On this basis Curve D gives a sim¬ 
ilar relation for comfort when the average surface temperature 
of clothing and exposed surface is 83®F. Curve D conditions will 
be found much too warm except for very special cases. Curve F 
gives what the author has found to be a fairly accurate relation 
between MRT and air temperature for obtaining comfort when 
the overall body surface temperature is 75°F, a surface temper¬ 
ature found in Great Britain and other European countries where 



Curve B. This curve can be used where the designer is certain 
the occupants will be so clothed that the average surface and 
skin temperature does not exceed 80°. 

Curve C. For surface clothing and skin temperatures of 81*. 
This curve is used in calculations in this book, is conservative 
and safe. 

Curve D. For surface clothing and skin temperatures of 83*. 
This condition is much too warm for all but special cases. 

Curve F. For surface clothing and skin temperature of 75*. This 
curve applies to Great Britain and parts of Europe where heavy 
clothes are worn. 
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the clothes worn are heavier and contain more wool than the 
clothes worn in this country. 

For reasons explained in Chapter 4, Curve C will be used ex¬ 
clusively in this book instead of Curve B, because it is better 
to err on the safe side than to discover that insufficient heat has 
been provided. However, if it is certain that persons occupying 
a room or building will be clothed with suitable attire so that the 
average surface temperature is no more than 80°F, then Curve B 
may be safely used in the calculations, as has often been done by 
the author with perfectly satisfactory results. This means, of 
course, that the heat losses from the room may be based on an 
internal air temperature of 65°F, with an MRT of 71®F. 

While any point on Curve C represents conditions which, if 
existing, will balance the combined heat losses from the human 
body when the surface temperature is 81®F, it is considered ad¬ 
visable that the relation between the MRT and room air temper¬ 
ature should be held within definite limits, for otherwise we are 
conscious of a disturbing thermal control activity which impairs 
the feeling of comfort. Any thermal activity due to incorrect 
temperature conditions does undoubtedly create mental activity 
which in turn tends to adversely affect the physiological func¬ 
tions of the human body. Even though the conditions are not 
sufficiently severe to make us feel too cold or too warm, we are 
conscious of a restraining feeling which affects our mental reac¬ 
tions, especially if we have to concentrate on mental problems. 
This is a psychological factor often overlooked when determining 
the reactions of human beings to various temperature conditions 
in a laboratory for the duration of a few hours only. To ascertain 
the full effect of room conditions, it is necessary to study mental 
activity, agility, dexterity, and health over a fairly long period 
of time. For a special study on these reactions, reference should 
be made to a subsequent chapter. 

If the conditions in a room are represented by a point on the 
chart above that at point E, Curve C, Fig. 123, then we are 
conscious of some mental activity because the air, being too 
warm, will allow heat to crowd upon the surface of the body, 
thereby affecting the heat generating organs, while at the same 
time the surrounding surfaces are too cold for the surface tem¬ 
perature of the akin. 

Conditions represented by points much below E, if existing, 
will also promote mental activity because we shall then be con¬ 
scious of the fact that the surrounding surfaces are too warm. 
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This wiU prevent a free flow of heat rays from the sWn surface 
while the air, being too cold, will set up a too rapid circulation 
over the body for the temperature conditions which exist. 

It seems to be a well established fact that, for comfort and 
health conditions, the MRT must always be above the room air 
tempei'ature and, providing the conditions are represented by 
any point between X and Y on Curve C in Fig. 123, any slight 
departure from the ideal condition is not likely to prove serious. 
In actual operation the air gradually becomes warmer, but in a 
well designed system, correctly controlled, the MRT is generally 
4® to 5° above the air temperature of the room. This can be 
shown by a globe thermometer. 

Location and Temperature of Panel 

Location of the heated surfaces is generally decided by the 
t 5 T)e of building and its use. With very high ceilings it is gen¬ 
erally advisable to select floor heating, or to install heated panels 
in the walls at low level. The same thing applies to rooms with 
very low ceilings because of the closeness of the ceiling to the 
heads of the occupants. For very exposed rooms it may be neces¬ 
sary to have some wall or ceiling panels in addition to floor heat¬ 
ing. The question of location will be considered further in a 
later chapter when dealing with applications. However, the high¬ 
est safe surface temperature of the heated panel is largely con- 


Table 6 •— Highest Safe Surface Temperature 

for Heating Panels 


Type of Panel 

Average Surface Temp., *F 

Plastered ceiling (pipes embedded).. 
Plastered walla (pipes embedded)... 
Floor, any method. 

. 110 

. . . ftK 

Floor, border and aisles...... 

. iin 

Iron, hot water medium . . 

Iron, steam or vapor . 


Electrically heated panels <'i'> 
Blectrlcally heated fire-clay tiles (2) 

. 500 

(1) Low surface temperature radiation is 
medium employed. 

(2) These high temperatures are not found 
and are, therefore, not recommended. 

recommended regardless of the beating 

to be successful for health or efficient 

< 
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trolled by the location and the material used. Practical limits for 
surface temperature panels are given in Table 6. 

If the floor is chosen, then hot water or warm air should be 
used as the medium, unless the pipes are supported in an air 
space. Low pressure steam may be used if proper safeguards 
are taken but, in any case, the average floor surface temperature 
should never be more than 85®F, except for short intervals, or 
for border heating which may be used in special cases. The latter 
comprises any kind of local heating with higher sui'face temper¬ 
ature located where occupants will not usually rest their feet. 
Such surfaces may be portions of the floor adjacent to walls and 
windows, aisles of churches, halls, and so on. 

If iron panels are used in side walls, a surface temperature of 
up to 160®F or 180®F may be used with either hot water or low 
pressure steam as the heating medium, although a much lower 
average surface temperature is recommended for general use. 
For ceiling or other plaster panel heating, hot water pipes should 
be used with the maximum water temperature never above 130°F. 
This will give a mean water temperature of about 125®F and 
with a correctly designed coil will give a maximum average sur¬ 
face temperature of about 110°F. 

Heat Losses 

The heat losses are calculated in the usual way, except that in 
many cases the overall heat transmission factor, commonly recog¬ 
nized by the symbol V, differs somewhat from that used in the 
usual convector or cast iron radiator system. For instance, when 
a radiator or convector is installed below a window, the air leaving 
the radiator, because of its high temperature as it passes over 
the glass, will produce a greater temperature differential and 
heat loss through the glass than with a radiant heat system. 

The author has found that 0.95 Btu per hour per square foot 
per degree difference in temperature for single glazing is a suf¬ 
ficiently high factor to use with radiant heat systems instead of 
the customary 1.13. Lower values for XJ in connection with other 
materials may be used with radiant heat jobs and, generally 
speaking, a 5% to 10% reduction is a safe approximation to 
make, unless it is intended to have a very safe margin of heat 
available. 

Since with radiant heating we depend largely on the radiant 
rays from heated panels, the transmission factor for walls, etc., 
will depend appreciably on the reflectiveness of the surfaces. 
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Some values for U, which the author has found to be very reli- 
able, are given elsewhere. 

When making actual calculations for amount of heat required 
to deal with air interchanges, consideration must be given to the 
usual possibilities of infiltration through windows and doors. 
While air leakage is not so much of a problem with radiant heat¬ 
ing as with convector heating, care must be given to weather 
stripping, insulation, and other methods of reducing heat losses. 

Sizing the Panel 

To determine the amount of panel heating surface required in 
a given room, it is first necessary to calculate the MRT of all the 



Fig. 124. Plan of rooms selected to demonstrate calculations for 

heated panel surfaces. 
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unheated surfaces. The area in square feet of each type and dif¬ 
ferent surface temperature is multiplied by the emission value 
corresponding to its actual surface temperature and emissivity, 
as obtained from Table 4, Chapter 5. These products are then 
added together to give the total radiant heat effect inside the 
room from all unheated surfaces. The difference between the 
amount of radiation required to maintain the correct MRT and 
the actual total radiation emission from the unheated surfaces 
is the additional heating which must be supplied by the hot sur¬ 
faces to be installed. 

These calculations depend considerably on the accuracy of esti¬ 
mating the surface temperatures of the walls, windows, ceiling, 
and floor surfaces under comfort conditions. Some unheated sur¬ 
faces will absorb a large number of energy rays from the heated 
panels and thereby become warmer, giving off rays of longer 
wave length, while other surfaces will reflect a large percentage 
of rays and become reflectors of heat. Windows will be affected 
largely by curtains, shades, or Venetian blinds, while floors will 
be affected by rugs, carpets, or other floor covering. These fac¬ 
tors must be taken care of in calculating heat losses and heat 
gains. 

Sample Calculations 

In many cases the calculations for residences will be found 
quite simple. The heat given off from the heated floor or ceiling, 
as the case may be, will be found to balance the heat loss from 
the room. In other cases it may be found necessary to add heated 
surfaces in walls or other places to supplement the floor or ceil¬ 
ing. For schools or public buildings it may be necessary to add 
some convector heat to compensate for extra ventilation. For 
the purpose of illustrating how to deal with more difficult prob¬ 
lems, two of the three rooms shown on the plan, Fig. 124, have 
been designed to produce special problems in the calculations for 
heated panel surfaces. 

In subsequent problems, the objective, then, is to find the panel 
area and temperature needed to meet the required MRT and air 
temperature and to emit sufficient heat to offset the heat losses. 
Three problems will be solved, covering cases where the calculated 
surface meets the heat loss, where the emission is less than the 
heat loss, and where the ceiling area is not sufficient to meet the 
heat loss without an excessively high temperature. 
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NAME OF JOB _ I 

TYPE OF PANELS TO BE USED :- CElLINr. PANELS 


DATE 


NAME OF ROOM 


ROOM A 


RADIATION 



OUTSIDE 

WALL 


INSIDE 

WALL 


fexPOSED) 


LASS 
(COVERED) 


FLOOR 


CEILING 




(0UT5<DC) 


TOT*LS OF UN- 
MEAT'O SUPF’S 


HEAT'D SVR^ 

CELLING 


FLOOR 


WALLS 


TOTLS OF ACL 
SURF'S IN ROOM 


246 aas 59 F. k).94 


526 




6 6 F. k).94 125.5 


26^905 


66^264 



266 O.fO 66.7 F. 


EXPOSURE LOSSES 


SQ.FT, U B.T.U. 

^ DIFF. LOSSES 


24 6 (0.251 66 F. | 4J62 



5P66’f. I 2713 



2 66 10.JO I 6dV. I L956 



Item 


11 . 

12 . 

18. 

14. 

16. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 
28. 
24. 
26. 


Total Unheated Surfaces in Square Feet <CoI. A).1,104 

Total Radiation from Unheated Surfaces (Col. F).188,886 

Total Surfaces in Room in Square Feet (Col. A).1,892 

Total Radiation Required for 72^ MRT (127.8 [from text] 

X Item 3) .177,897 

^diation in B.T.U. to be Provided by Panel (Item 4 — Item 2) . .44,662 

Area of Available Heated Surfaces in Square Feet (Col, A).288 

Mdiation Required per Square Foot of Panel (Item 6 -i-Item 6). ..166 

Emisslvity of Heated Surface (See Text).0.92 

Temp. Required for Heated Surface as ObUined from Table 4....99*F. 
Average Radiation Emission per Square Foot from Unheatc^ 

Surface (Item 2-s-Item 1).120.77 

Average Smissivity of Unheated Surfaces (Col. D).0.98 

MRT of Unheated Surfaces (Text and Table 4).64*P- 

Total B.T.U. by Radiation from Panel (From Fia. 126).10,281 

Total B.T.U. by Convection from Panel (Prom Fia. 127).4,078 

Heat TVansmitted from Adjoinina Rooms if any (See Chapter 18) —* 

Total Heat Given to Room (Item 13 + Item 14 + Item 16)_14,369 

Total Heat Losses from Room ("Z" Above).14,198 

Surplus or I>eflcit (Item 16 — Item 17).161 

Heat Given Off by Panel + % Loss (See Chapter 18) 

Total Length of Pipe in AU CoUs (See Chapter 18) 

Size of Pipe (See Chapter 18) 

Centers of Pipes in Coil (See Chapter 18) 

Longest Length of Pipe In Coil (See Chapter 16) 

Total Pounds of Water per Minute at 20*P. Differential. 

Total Heat Load — Item 19 + % for Loss by Mains and Clroult Pipes 
If any. 

Loss of Head Due to FTIetlonal Resistance (See Chapter 16) 


Fig. 126. Recommended form for use In calculating heat 

requirements of each room. 
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Radiating Surface Required in 
Room A, Fig. 124 

PROBLEM 1: It is required to determine the amount of radiating 
surface necessary to maintain in Room A (Fig. 124) an air 
temperature of 68®F and an MRT of 72°F. with an outside 
temperature of zero, utilizing plastered ceiling heat with circulat¬ 
ing hot water not above 130® F which can maintain a maximum 
surface temperature of 110®F. Heat transmission coefficients are: 
outside walls 0.25; window glass, 0.95; floor, 0.10. Walls are 
rough plastered, ceiling smooth plastered. 

Note: It is recommended that forms similar to that shown in 
Fig. 125 be provided and used for calculating heat 
requirements of each room. 

Solution. (1) Calculate the areas of the various inside surfaces, 
and insert these in Column A, Fig. 125. For example, the outside 
wall of Room A measures 

[(18 + 6) X 12] — (2 X 21) :=246 sq. ft. 

(2) Enter in Column B the proper heat transmission coefficient 

as given. , 

(3) Using Fig. 15 (Chapter 6) determine the inside surface 

temperatures, when it is 0®F outside. For the outside wall 
(U^O.25), the surface temperature is found to be 59®F, The 
inside wall is assumed to have a surface temperature equal to 

the air temperature of the room, 68® F. 

(4) From Table 3 (Chapter 5) determine the emissivity of the 
surfaces. For example, the rough plastered outside wall has an 
emissivity of 0.94. The emissivity values are entered in Coluitm D. 

(6) Using the surface temperature in Column C and emissivity 
in Column D, enter Table 4 and find the unit emission. For the 
outside wall, temperature 59®F, Table 4 shows the unit emission 
to be (under 0.94) 117.5. Enter these values in Column E. 

(6) Calculate the total emission for each surface by multiplying 
the area, Column A, by the unit emission, Column E. For the 

outside wall, 246 X 117.5 = 28,905. 

(7) Total Column A and Column F. We find a toUl emission of 
133,335 Btu per hour from all unheated surfaces totaling 1104 
sq. ft. 

(8) Find the average unit emission of unheated surfaces to be 
133,335 - 4 - 1104 = 120.8 Btu per sq. ft. per hour. 

(9) Determine the average emissivity. This is done by multi- 
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Fig. 126. Heat emission by radiation for various 

surface temperatures. 
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plying the emissivity in Column D by the area of each surface, 
totaling the products and dividing by the total area, or 

(246 X -94) -h (628 X -94) + (42 X -90) + (288 X -91) 

__ - 0.«) 3 

246 + 528 -h 42 + 288 

(10) For this emissivity (0.93) and unit heat emission (120.8) 
refer to Table 4 and find the MRT of unheated surfaces to be 
approximately 64® F. 

(11) For the required MRT (72®F, given) and the average 
emissivity of 0.93, find the average unit emission to be (from 
Table 4) 127.85 Btu per sq. ft. per hr. 

(12) Find the total emission (all surfaces) to be 

1392 X 127.85 = 177,897 Btu per hr. 

(13) Determine the quantity of heat lacking by subtracting; 

177,897 — 133,335 = 44,562 Btu per hr. 

(14) Calculate the unit emission of ceiling required, the area 
of which is (16 X 18) or 288 sq. ft. 44,562 -r- 288 = 155 Btu 
per sq. ft. per hour. 

(15) With this emission (155), and an emissivity of 0.92 
(from Table 3 for smooth plaster) refer to Table 4 and find a 
required ceiling panel surface temperature of 99®F. Since this 
surface temperature is within the limits of safe temperatures as 
given in Table 6, the required MRT will be met by the 99® F 
heated ceiling. 

(16) Now determine the heat given off by both radiation and 
convection from the ceiling. Refer to Fig. 126, and find for a 
99®F surface and an MRT of surx'ounding (unheated) surfaces 
of 64®F a radiant emission of 36.5 Btu per hr. per sq. ft. How¬ 
ever, Fig. 126 is based on an emissivity of 0.94 and the emissivity 
of the ceiling is 0.92, so that the actual radiant emission is 


.92 


36,5 __ 35,7 Btu per sq. ft. per hr., or 35.7 X 288 == 10,281 


.94 

Btu per hr. 


The heat emission by convection from a 99®F surface and an 
air temperature of 68®F is found from Fig. 127 to be 29.5 for 
a floor position or 29.5 X -48 = 14.16 Btu per hr. per sq. ft. for 
a ceiling, a total of 288 X 14-16 = 4,078 Btu per hr. 

The total emission by radiation and convection is thus 


10,281 + 4,078 = 14,359 Btu per hour. 
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Fig. 127. Heat emission by convection for various 

surface temperatures. 
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(17) Now calculate the heat losses of the room in the usual 
way and enter in the right hand portion of Fig. 125. Col. G is* 
the area, Col. H the heat transmission coefficient. Col. I the 
temperature difference (room air temperature minus outside air 
temperature or zero in this case) and Col. J is the product of the 
figures in the three preceding columns. The air change is cal¬ 
culated on the basis of 1V4 changes per hour; that is, the cubic 
contents (16 X 18 X 12) — 3456 are multiplied by IM to give 
4320 cu. ft. This, multiplied by the temperature difference 
(68°F) and by .0182 (heat needed to raise 1 cu. ft. 1°F, gives 
the heat required to heat infiltration air, or 5345. The total heat 
losses’. Column J, are thus found to be 14,198 Btu per hour. 

(18) Compare the heat lost (Step 17) with the heat emission 
(Step 16). We find that the emission is 14,359 and the loss 14,198 
Btu per hour. The emission is slightly (161 Btu) above the loss, 
so that the 99®F surface ceiling will meet the heat loss require¬ 
ments. 

Note the correction factor for Column H, according to Fig. 232. 

Radiating Surface Required in 
Room B, Fig. 124 

PROBLEM 2: It is required to determine the amount of radiating 
surface to maintain in Room B an air temperature of 68° F and 
an MRT of 72°F, with an outside temperature of zero, utilizing 
plastered ceiling heat with the circulating hot water not above 
130° F, as for Room A. 

A form similar to that used for Room A should be used for 
Room B. Fig. 128 shows the form, data and calculated figures 

for Room B • ^ ^ 

The total Btu emission for each surface inserted in Column F 

is obtained as for Room A, i.e., by multiplying the figures in 
Columns A and E, from which we get a total of 189,496 Btu per 
hour from all unheated surfaces. Since the total unheated sur¬ 
face is 1684 square feet, the average emission from unheated 
surfaces is 189,496 ^ 1584 = 119.6 Btu per square foot per hour. 
Reference to Table 4 shows that this corresponds to an MRT of 

63°F for an average emissivity of 0.93. 

Since an MRT of 72°F is required and the average emissivity 
is 0.93, the average emission should be 127.8 Btu per square foot 
per hour, or a total of 2064 X 127.8 = 263.779 Btu per hour. As 
the total emission from all surfaces unheated is 189,496 Btu per 
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NAME OF JOB 


type of panels to be CFII iMr. COILS 


DATE 


NAME OF ROOM 


ROOM B 


_ radi ation 

SQ.FT.I U e [^‘^ISSIOnItOTAL B.T, 


EXPOSURE LOSSES 


OUTSIDE 
WALL 


INSIDE 

WALL 


GLASS 
_ ^XPOSCO) 


GLASS 

(COvCftCO) 


FLOOR 


CEILING 


DOORS 

(ouTsioe) 


tot'ls or uN- 
HCAT'O SURF'S 


HEAT'D SURF’S 
CCILNC 


FLOOR 


WALLS 


TOT'LS OF ALL 
SURF'S IN ROOM 2064 


igMP.1 g pERyaF7jEM;ss,s;q[^a-T. | ^ | b.t.u. 

H 


Item 



11 . 

12 . 

13. 

14. 
in. 
16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 


Total Unbeated Surfaces in Souare Peat ^Col A\ ^ koa 

Total ^diation from Unheated Surfaces (Col. P)//. .lia'ila 

Surfaces in Room in Square Feet (Col A) . 9 oH 

R^uired for 72^ MRT (127.8* Vfrom fejctY ^ ' 
Radiation in B.T.U. to be Provided by Panel (Item 4^—Item 2 > 74^283 

in Square Feet (Col. A)_\\..'480 

• o'li 

Required for Heated Surface as Obtained from 

Acftuji. 4 . Qd*F 

®'"‘ss‘vity of Unheated Surfaces VcoJ.' D)!!.'!!”!! i.0.98 

Tot^ n^TTr’’1f Surfaces (Text and Table 4).68*F. 

Totl R7''Tr' tl f«>™ Panel (From Fik. 126).17,616 

Heat Tr'^y^-^r (From Fig. 127).6,796 

Tota*I Adjoinins Room if any (See Chapter 18) 

9 to Room (Item 13 + Item 14 + Item 16)_24,412 

rotal Heat Losses from Room ("Z" Above)_T.. . 26 998 

r® — ft®*" .--2.^1 

Total fS®« Chapter 13) 

*" A” Co**® (See Chapter 13) 

Size of Pipe (See Chapter 13) 

Centers of Pipes Coil (See Chapter 13) 

Tp?5i®®i> L«"Kth of Pipe in Coil (See Chapter 16) 

Tota of f'^®‘®*‘ per Minute at 20T. Differential. 

Pipes if 19 + % for Loss by Mains and Circuit 

Loss of Head Due to Frictional Resistance (See Chapter 16) 


Fig. 128. Data for Room B as recorded on recommended form. 
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hour, the heat which must be given to the room by the ceiling is 
(263,779 — 189,496) ^ 74,283 Btu per hour. Since the ceiling 
area is 480 square feet, the emission per square foot is 
(74,283 - 4 - 480) = 155 Btu per hour. On referring to Table 4, 
we find that to give off 155 Btu per square foot per hour with an 
emissivity of 0.92, the surface must have a temperature of 99° F. 

From Table 4, with an emissivity of 0.93, and for an emission 
of 189,496 Btu for 1584 sq. ft. (119.6 Btu per sq. ft.), we find 
that the MRT of the unheated surfaces is 63°F, and to ascertain 
the actual heat given to the room from the heated ceiling by 
radiation and convection, we use the charts Figs. 126 and 127, 
respectively. 

From Fig. 126 we find that a surface at 99° F and 0.92 
emissivity, and ^v1th a surrounding MRT of 63°F, gives off 
37.5 X ('92 -i- .94) = 36.7 Btu per square foot per hour, or 
a total of (480 X 36.7) = 17,616 Btu per hour. Similarly, for 
convection, we obtain from Fig. 127, 29.5 X -43 = 14.16 Btu 
per square foot per hour or a total of 480 X 14.16 = 6,796 Btu 
per hour. Then 

Total by radiation: 17,616 

Total by convection: 6,796 


24,412 Btu per hour 

To obtain the heat losses from Room B, proceed as for Room A, 
using the right hand side of Fig. 128. In this case the calculations 
show a total heat loss of 26,993 Btu per hour. Since the heat loss 
is 26,993 Btu per hour, and the heat given off by ceiling is 24,758 
Btu, there is a deficit of (26.993 — 24,412) = 2,581 Btu per hour. 

To obtain an MRT of 72°F it was found necessary to have a 
ceiling surface temperature of 99°F. Since, however, this surface 
temperature will not give sufficient heat to meet the losses from 
the room, it becomes necessary either (a) to add other heating 
surfaces to the room or (b) to obtain more heat from the ceiling 
by increasing the ceiling surface temperature, even though this 
will raise the MRT of the room slightly. 

Since from Fig. 129 we see that a 1°F increase in surface 
temperature of the ceiling will increase the total emission by 
about 1.5 Btu per square foot per hour, we can obtain the 
additional 2,581 Btu per hour by increasing the surface tem¬ 
perature by 2,581 -f- (480 X 1-5) = 3.6°. Therefore, by in¬ 
creasing the ceiling surface temperature to 103°F, we Trfll be 
able to meet the total heat losses from the room. To obtain the 
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Fig. 129. Total Btu emission from heated surfaces by radiation 
and convection for the MRT, air temperature, and 

emissivity Indicated. 
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heat emission from a ceiling at 103°F, refer again to Figs. 126 
and 127. 

From Fig. 126 the heat given off by radiation from a ceiling at 
103®F is 41 X (*92 -f- .94) = 40.12 Btu, or a total of 
480 X 40.12 =s 19,267 Btu per hour. 

From Fig. 127 the heat given off by convection from a ceiling at 
103°Fis33.6 X .48 = 16.08Btu,oratotal of 480 X 16.08 = 7,718 
Btu per hour. 

The total heat given off from a ceiling at 103®F is found to be 
(19,267 -|- 7,718) = 26,975 Btu per hour, compared with a re¬ 
quired load of 26,993 Btu per hour. Therefore, in this case it is 
recommended that a surface temperature of 103°F be used. 

Increasing the surface temperature of the ceiling from 99°F 
to 103° F will raise the MRT slightly, but whenever the total Btu 
emission from the panel at the temperature necessary to give 
72°F MRT is not sufficient to meet the total heat losses from the 
room, it is imperative either to increase the surface temperature 
or to add more panel surface. Actually, the MRT in this case is 
increased by less than 2°F. The effect of this will be to require 
a slightly lower air temperature, as indicated by Fig. 123. The 
lowering of the required air temperature in the room will reduce 
the total heat losses, so that, actually, the ceiling temperature 
will not be heated to quite 103° F to obtain the required results. 

It is generally assumed that partitions and walls next to heated 
rooms may be neglected, but this is not absolutely correct, 
especially with radiant heat installations where heat from the 
embedded coils reaches other parts of the construction to quite 
an appreciable extent, and some heat is carried away by con¬ 
duction. While such an incorrect assumption produces no very 
bad results with ordinary cast iron radiators and convector 
installations, since it is generally possible to boost the tempera¬ 
ture of the hot water or the pressure of the steam in radiators, 
it is, however, a factor which must be considered when designing 
radiant heat jobs. A reasonable margin of heat is, therefore, 
recommended for heating up, taking care of conductivity losses, 
etc., and possible incorrect estimations of heat loss coefficients, 
emissivities, surface temperatures, and also for estimating the 
amount of infiltratioD. 

With radiant heating it is not possible to raise the temperature 
of the heating medium appreciably and thereby boost the- surface 
temperatures of radiant panels to the extent that this is possible 
with ordinary cast iron radiators and convectors. Therefore, it is 
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NAME OF JOB __ date 

TYPE or PANELS TO BE USED I -CEILtNG PANELS 

NAME OF ROOM ROOM C 




RADIATION 

EXPOSURE LOSSES 


saPT. 




TOTAL B.T.U 
CM^SSION 

SQ.FT. 

u 

TCMP. 

DiFF. 

B.T.U. 

LOSSES 

OUTSIDE 

WALL 

A 1 



Ld 



G 

H 

1 

J 

Bfl 



8B 

117.5 


465 

■ 

66*F. 

7,905 

INSIDE 

WALL 

192 


66*F. 

IB 

n 

24^096 





GLASS 

(DiPO6€0) 

63 


27 ^F. 

m 

a?. 3 

5.SOO 

wm 

0.95 

66*P. 

4.06 9 

GLASS 

CcovsncD) 




m 







tloor 

224 

^10 

66.7*^: 

0.91 

I20.ld 

26^92 0 

224 

0.10 

6S*P. 


CEILING 




■ 






■nj 

DOORS 

(OUTS^OC) 




■ 







TOT'lS Of UN- 
HCAT'O SURF'S 

944 



1 



CON rs 

2666 

m 

TOTAL 

AIR 

5376 

6.646 

MSAT'O SURF'S 
ceiLiNc 

n 



0.92 



TOTAL B.T.U. I 
LOSSES 1 


FLOOR 




■ 




WALLS 




■ 


1 

TOrLS OF ALL 
[surf's in room 

m 





1 TOTAL 


Item 


1. Total Unheated Surfaces in Square Feet (Col. A). ..••.944 

2. Total Radiation from Unheated Surfaces (Col. F).111|163 

3. Total Surfaces in Room in Square Feet (Col. A)..1»1€8 

4. Total Radiation Required for 72* MRT (127.8 >< Item S).149,270 

5. Radiation in B.T.U. to be Provided by Panel (Item 4 ~ Item 2) . .38,117 

6. Area of Available Heated Surfaces in Square Feet (Col. A).224 

7. Radiation Required per Square Foot of Panel (Item 6 h- Item 8). .170 

8. Emissivity of Heated Surface.0.92 

9. Temperature Required for Heated Surface as Obtained from 

Table 4 .118*F. 

10. Average Radiation Emission per Square Foot from Unheated 

Surface (Item 2 ^ Item 1).117.78 

11. Average Emiesivity of Unheated Surfaces (Col. D)......0.98 

12. MRT of Unheated Surfaces (See Table 4).61*F. 

13. Total B.T.U. by Radiation from Panel (From Fig. 126) 

at 110*F. = .10,976 

14. Total B.T.U. by Convection from Panel (From Fig. 127 ) •4,616 

15. Heat Transmitted from Adjoining Rooms if any (See Chapter 13) 

16. Total Heat Given to Room (Item 13 + Item 14 + Item 16 )... .16,491 

17. Total Heat Losses from Room ('*Z" Above).. 

18. Surplus or Deceit (Item 16 •— Item 17).4,662 

19. Heat Given Off by Panel + % Loss (See Chapter IS) 

20. Total Length of Pipe in AH Coils (See Chapter 13) 

21. Site of Pipe (See Chapter 1$) 

22. Centers of Pipes Coil (See Chapter 13) 

23. Longest Length of Pipe in Coil (See Chapter 16) 

24. Total Pounds of Water per Minute at 20*F. EHffereDtial. 

26. Total Heat Load » Item 19 + ^ Loss by Mains and Circuit 
Pipes if any. 

26. Loss of Head Due to Frictional Resistance (See Chapter 16) 


Fig. 130. Data as recorded for Room C, Fig. 124—celling panels. 
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good practice to be on the safe side when making calculations and 
in deciding the size and temperature of radiant panels. With 
ordinary well constructed buildings the risk is not very great and 
5% margin appears to be quite ample. Generally speaking, how¬ 
ever, the author has found that when using the standard coeffi¬ 
cient values of U for heat losses, there is ample margin to take 
care of all ordinary inexactitudes. 

Radiating Surface Required in 
Room C Fig. 124 

PROBLEM 3: It is required to determine the amount of radiating 
surface to maintain in Room C, Fig. 124, an air temperature of 
68 ®F and an MRT of 72°F, with an outside temperature of zero, 
utilizing celling heat as for Rooms A and B. 

Using the same method of procedure as in the two previous 
problems, we obtain results as shown in Fig. 130 with a total heat 
emission of 111,153 Btu per hour from all unheated surfaces. 
Since the total area of these surfaces is 944 square feet, the 
average emission from unheated surfaces is 111,153 944 = 

117.75 Btu per square foot per hour. By reference to Table 4, 
we find that this corresponds to an MRT of 61®F for an average 
emissivity of 0.93. 

Since the heat in Btu required to maintain an MRT of 72° F 
is 1168 X 127.8 = 149,270, and the heat in Btu given off by 
unheated surfaces is 111,153, the heat required from the ceiling is 
(149,270 — 111,153) = 38,117 Btu per hour. 

With a ceiling surface of 224 square feet, the Btu emission 
per square foot per hour is (38,117 224) 170. From Table 4 

we find that with an emissivity of 0.92 this requires a surface 
temperature of 113°F. Since an average of 110°F is the highest 
permissible temperature with embedded pipes in plaster ceiling, 
it is obvious that insufficient heat is available to obtain the correct 
MRT. By the use of Figs. 126 and 127, the amount of heat given 
off from the ceiling at 110°F is found to be as follows: 

Radiation: 60.0 x (*92 -i- .94) =s= 49.0 Btu per square foot 

49.0 X 224 sq. ft. = 10,976 Btu per hour 
Convection: 42 X *48 = 20.16 Btu per square foot 
20.16 X 224 sq. ft. = 4,616 Btu per hour 

Total = 16,491 Btu per hour 

From the calculations in Fig. 130 the heat losses from this 
room are 20,143 Btu per hour. Consequently, there is a deficit 
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of (20,143 — 15,491) = 4,652 Btu per hour to be made up hy 
heating part of the walls or floor. 

As the highest permissible temperature for the floor is 85®F, 
for which the emissivity is 0.91, each square foot of floor surface, 
according to Figs. 126 and 127, gives off 15.3 and 15.0 Btu per 
square foot per hour by radiation and convection, respectively, or 
a total of 30.3 Btu per hour. Since the ceiling is already heated, 
the emission of 15.3 assumes an MRT of 72®F. As we require 
4,652 Btu per hour, the floor surface to be heated is 4,652 -f- 30.3 
=; 153 square feet. A margin should be provided and it is recom¬ 
mended that in this case 160 square feet of floor area be heated 
in addition to the ceiling. Instead of heating a portion of the 
floor area to a temperature of 85°F, it may be more desirable 
to heat the whole area to a somewhat lower temperature. To 
calculate the surface temperature required for this, we proceed 
as follows: 

Assuming an extra 4,652 Btu per hour is needed from a floor of 
224 square feet, this represents (4,652 224) s 20.78 Btu per 

square foot per hour. Using the floor curve on chart, Fig. 129, 
which may be used for this approximation, we find a floor tem¬ 
perature of 75°F will be required. 

This room now presents another problem, since, by adding heat 
to the floor, we may have changed the MRT. If we wish to pro¬ 
ceed with the calculations to ascertain the effect of this, we can 
continue as follows: 

Using Table 4, we find that a ceiling with an emissivity of 0.92, 
and a suriace temperature of 110®F will give off 166.9 Btu per 
square foot per hour, or a total of (224 X 166.9) =s 37,386 Btu 
per hour. The floor with a surface temperature of 76®F and 
emissivity of 0.91 will give off 128.35 Btu per square foot pw 
hour, a total of (224 x 128.35) t= 28,760 Btu per hour. This 
represents a total heat emission of (37,386 -f- 28,750) = 66,135 
Btu per hour, and since the heat emission from the unheated 
surfaces, as taken from Fig. 130, is 111,153 less the heat allowed 
for the unheated floor, we have (111,153 — 26,920) = 84,233 
Btu. There is, then, a total heat emission in Btu for the room 
of (66,135 -|- 84,233) ^ 150,368 Btu per hour. 

Since the total area of all surfaces is 1168 square feet, we have 
an emission of (150,368 -i- 1168) := 128.7 Btu per square foot 
per hour, and from Table 4 find the MRT is 73®F. If we actually 
maintain an MRT of 73 ®F, we shall find from chart. Fig. 123, 
that an air temperature of 67H°F will give comfort conditions. 
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Since an air temperature of 67^/4 will reduce the total heat 
losses to (20,143 X 67.25 68) =: 19,920 Btu per hour, it will 

need a floor temperature slightly less than 75°F to supply the 
necessary heat. 

Supplementary Notes 

The real problem is to insure that sufficient and correctly 
proportioned radiant>heated surface is provided and that a 
modulating or velocity control valve is installed in each coil, so 
ihat the circulation of the heating medium may be modulated to 
give the correct surface temperatures as found most desirable. 

The forms shown in Figs. 125, 128, and 130 may, of course, be 
modifled to suit individual ideas and, if desirable, the surface 
temperatures may be used instead of the Btu radiation emission 
to obtain the MRT, as previously explained. Surface temperatures 
may also be used in a foreshortened form to give the data of 
surfaces and exposure losses only, in which case they may be 
printed somewhat as shown in Fig. 132. However, the full com¬ 
pleted form, as shown in Fig. 125, gives information found very 
useful in checking up on the installation at a future date. 

In the foregoing calculations it has not been necessary to take 
into consideration any possible heat transmission from coils in 
adjacent rooms. However, if we are dealing with rooms with 
ceilings heated, and there are other rooms below with ceiling also 
heated, some heat will pass upwards through the floor to the room 
above. In a similar manner, if we are dealing with rooms having 
floor heat and other rooms above have floor heat, some heat will 
pass downwards and help warm the ceiling of the room below. 
The heat thus transmitted may be 5% of the heat given off by 
the pipe coil, or it may be more, depending on the construction. 
This will be more fully discussed later. In all these cases allow¬ 
ances must be made to compensate for such heat transmission, 
otherwise considerable overheating may take place in some rooms. 

Quick Method of Calculations 

Sometimes it is convenient for less important jobs or for 
obtaining an approximate estimate of heat requirements, to 
calculate the heating surface by a quicker method than explained 
in the foregoing. 

A fairly reliable approximation can be obtained by using the 
chart shown in Fig. 129 and a form similar to Fig. 182. Fig. 129 
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Fig. 131. Plan of rooms used to demonstrate a short, 
approximate method of estimating heating requirements. 


gives the combined heat emission by both radiation and convection 
from surfaces at various temperatures, but since this chart is based 
on one standard room condition having an MRT of 72®F and an 
air temperature of 68®F, it can only be correct for this condition. 
However, since it is fairly safe for approximation to assume these 
conditions for residential and ordinary occupied rooms where 
standard material is used for surfaces, the chart will be found 
very useful. Nevertheless, to cover contingencies which may be 
overlooked in this quicker method, the author recommends that 
1 ° to 2® be added to the room temperature when calculating the 
total heat losses. In other words, when using this quicker method 
for approximation, we are using air temperature as our basis 
instead of first obtaining the correct MRT; consequently, it^is 
safer to assume a room temperature of 70°F instead of 68 F 
when calculating the total heat losses from the room. This 
always the case, as the following calculations will prove.^ T e 
calculations will be given for a room temperature of ^ 
expose the posssibility of such an error. The heat emission, o 
course, varies according to the location of the heated surface, an 
the three curves represent the emission from floor, wall3> an 
ceiling, respectively. The plan in Fig. 131 is shown for the pur 
pose of illustrating this shorter method of calculation. 
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If necessary, additional charts can be made for other MRT and 
air temperature conditions or emissivities, and used as occasions 
demand. 

Radiating Surface Required for 
Room D, Fig. 131 

PROBLEM 4: It is required to determine the amount of radiating 
surface to maintain in Room D, Fig. 131, an air temperature of 
68 °F and an MRT of 72®F with an outside temperature of 0®F. 
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Fig. 132. Data as recorded for Room Dr Fig. 124—ceiling panel 
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The form. Fig. 132, is recommended for this purpose, and the 
same overall heat transmission coefficients should be used as for 
previous problems. 

Since the total heat losses, as shown in Fig. 132, will be 6,584 
Btu per hour if the ceiling is used as a heated panel and the floor 
is unheated, and 5,605 Btu per hour according to Fig. 133, if the 
floor is heated instead of the ceiling, we first obtain the heat 
required per square foot of area from ceiling and floor, respec¬ 
tively. This equals (6584 -j- 144) = 45.7 Btu per square foot 
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Fig. 133. Data as recorded for Room Fig. 131—floor heating. 
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per hour for the ceiling and (6605 144) = 38.9 Btu per square 

foot per hour from the floor. From Fig. 129 we find that these 
require surface temperatures of 96°F and 86®F for the ceiling 
and floor, respectively. Both temperatures are obtainable because, 
although the floor surface temperature required is 1®F above the 
limit set for the floor, both temperatures may be considered 
satisfactory. It is, however, advisable to check the MRT con¬ 
ditions under both methods of heating as this is an important 
factor in providing comfort conditions. 

With ceiling heat we obtain, in Fig. 132, a total heat emission 
from all surfaces of 109,682 Btu per hour, and since the total area 
of all surfaces is 864 square feet, this represents (109,682 -f- 864) 
= 126.8 Btu per square foot per hour. On referring to Table 4, 
we find that with an average emissivity of 0.93, we obtain an 
MRT of 70® F. This, according to Curve C, Fig. 123, requires a 
room temperature of 69^/4®F. Since the calculations for heat 
losses were based on a room air temperature of 68®F, it will be 
necessary to allow for greater losses in the relation of 69^,4 to 
68 °F. The losses, therefore, will be 6584 X 69^/4 -i- 68 = 6700 
Btu per hour. Since 6700 -i- 144 = 46.5 Btu per square foot of 
ceiling per hour, the surface temperature of the ceiling must be 
97®P. This will slightly raise the MRT—a decided advantage, 
but it indicates that basing our calculations on air temperatures 
only may result in unsatisfactory conditions. 

With floor heating, and a surface temperature of 86®F, we 
obtain in Fig. 133 a total heat emission from all surfaces of 
108,561 Btu per hour, which gives an MRT of 70V^®F. This also 
is low and according to Curve C, Fig. 123, calls for a room tem¬ 
perature of 69®F. In such cases some consideration should be 
given to the possibility of reducing the total heat loss from the 
room by using better insulating material and storm windows, 
to reduce the exposure losses. In this way the natural MRT of 
unheated surfaces will be raised, resulting in less need to raise 
the air temperature and a saving in pipe coils. If in this case 
such heat-proofing cannot be accomplished it will then be neces¬ 
sary to allow for a total heat loss of 6605 X 68 = 6687. 

This will necessitate increasing the heating surface or raising 
its temperature. 

It is not advisable to increase the floor surface temperature 
much above 85®F. Therefore, to meet the additional heat re¬ 
quirements, it may be possible to have some border heating near 
the outside walls or a small panel on the inside wall. The extra 
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heat required is (5687 — 5328) = 359 Btu per hour. This may 
be taken care of by a metal panel at 120*F, giving off 100 Btu 
per square foot, requiring a surface of 3.5 square feet which, 
to give a reasonable margin of safety, should be increased to 8 
or 10 square feet. On the other hand, border heating at 95®F will 
give off 20 Btu per hour per square foot extra on the ordinary 
floor. Since we require 359 Btu, it will be possible to have 
359 - 4 - 20 =18 square feet of border heating. 

An alternative to this is to provide sufficient pipe coil to heat 
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Fig. 134. Data as recorded for Room Ep Fig. 131^^elling heat. 
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the floor surface to a temperature of 87®F during very cold 
weather. It is found that floor temperatures near the nineties 
do affect the feet of many people if they are subjected to these 
conditions for several'hours. On the other hand, if the occupants’ 
feet are not resting on the floor for long periods, the floor tem¬ 
perature may be raised slightly, since the risk of trouble due to 
a little extra floor temperature of 2°F or 3®F during short spells 
of zero weather is not very great, providing the occupants do not 
have very tender feet. A floor at 88°F will give 42.5 Btu per 
square foot, or a total of 144 X 42.5 6,120 Btu per hour, ample 

to take care of the maximum load. 

It will be seen that if, in making these calculations, a room 
temperature of 70®F had been used instead of 68®F, as suggested, 
the results would have been closer to the actual requirements. 
In point of fact, there would have been a slight margin. It would, 
however, still be necessary to raise the temperature of the surface 
somewhat to obtain the required amount of heat. 

Panel Surface Required for Room E, Fig. 131 

PROBLEM 5: It is required to determine the amount of panel 
surface to maintain in Room E, Fig. 131, an air temperature of 
68 ®F and an MRT of 72®F with an outside temperature of 0®F. 

From Fig. 134, we find the total heat loss to be 15,405 Btu per 
hour if the ceiling is heated, the floor unheated, and from Fig. 136, 
13,773 Btu per hour if the floor only is heated. Since the area of 
the floor or ceiling is 240 square feet, the required heat 
emission for the ceiling is (15,405 -h 240) = 64.2 Btu per square 
foot per hour, and (13,773 240) = 57.4 Btu per square foot 

per hour from the floor. From Fig. 129 we find that this requires 
a surface temperature of 109®F for the ceiling and 95®F for 
the floor. 

Since 109°F is permissible for the ceiling, this may be con¬ 
sidered satisfactory on the basis of surface temperature, but 
95®P is too high for the floor surface. If floor heating is essen¬ 
tial, then consideration should be given to the question of reduc¬ 
ing heat losses from the room by insulating the walls, weather 
stripping, and double windows, but if the heat losses cannot be 
reduced sufficiently, additional panel surface must be provided 
either in the ceiling or on the aide wall. 

The maximum heat obtainable from the floor with a surface 
temperature of 86°F, according to Fig. 129, equals 38 Btu per 
square foot per hour, or a total of (240 X 38) = 9120 Btu per 
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hour, leaving a balance of (13,773 — 9,120) 4,653 Btu per hour 

to be made up from either walls or ceiling. 

If it is not possible or desirable to place heated panels on the 
side walls, then some ceiling coils must b6 added and the best 
position for these is close to the outside walls, as indicated in 
dotted lines in Fig. 131. 

Since the ceiling with a surface temperature of 110®F will, 
according to Fig. 129, emit a total of 69 Btu per square foot per 
hour, it requires an area of (4653 -h 69) s= 67.5 square feet. 
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Fig. 135. Data as recorded for Room E, Fig. 131 —floor heating. 
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A strip of ceiling 4 ft. 6 in. wide, as indicated by dotted lines in 
Fig. 131, will have an area of 90 square feet. This allows, as 
compared with 67.5 sq. ft., a reasonable margin for contingencies. 

Checking on the MRT of this room, we find, from Fig. 135, 
where 90 square feet of ceiling heat has been added, that we get 
a total Btu emission of 159,106 Btu. This gives (159,106 1248) 

= 127.5 Btu per square foot per hour which, by reference to 
Table 4, gives us an MRT of 71^®F, considered satisfactory with 
a room temperature of 68® F. 

With ceiling heating the total heat emission from all surfaces, 
as shown in Fig. 134 equals 160,784 Btu per hour, and since the 
surfaces total 1,248 square feet, this gives 128.9 Btu per square 
foot per hour. With an average emissivity of all surfaces of 0.93, 
the MRT is 73®F, satisfactory for a room temperature of 68®F. 
This is a case where the simple method of calculating total losses 
on an air temperature of 68®F works out in a perfectly satisfac¬ 
tory way. 

For important buildings it is not recommended that short cuts 
be used for calculating radiant heat requirements, because this 
will eventually lead to inefficient and unsatisfactory systems. 
There are, however, many buildings such as department stores, 
garages, and so on, where the shorter method of calculation can 
be used. 

Quick methods for calculating heat transmissions and heat 
emissions can be devised according to the desire of the heating 
engineer. Some engineers prefer charts; other prefer to use 
the slide rule method. The author has for many years used a 
slide rule which is made in two parts. One section is used for 
calculating the Btu losses from the room, and the other for 
calculating the heating surface. The back of the rule illustrates 
the different tyi>ea of roof, floor and wall construction designated 
with letters, and then letters are marked on the top and second 
slide of rule. The V factor for any type or number of roof, floor 
or wall combinations can be worked out and added to the rule, 
as often quite different types of construction will give a common 
U factor and the same letter for the rule. 



CHAPTER 13 

DETERMINING PANEL PIPE SIZE, 
SPACING AND HEAT INPUT 

In designing pipe coils for radiant heating with any degree of 
accuracy it is not sufficient simply to know that a pipe coil is 
embedded in plaster, concrete, or any other material without 
knowing and making allowance for all the other factors which 
either aid or retard the flow of heat from the embedded pipes. 
Further, due regard must be given to all the rooms before 
deciding on the type of construction; it will be found that 
some types of floor will restrict the mean water temperature to 
100®F, whereas some may require water temperatures as high as 
170®F. If possible, each job or zone should be designed to require 
the same mean water temperature in every room because, al¬ 
though it is possible to retard the circulation in any coil or sec¬ 
tion by using flow modulators, much better results will be 
obtained if the construction details are such that the same mean 
water temperature can be circulated to all rooms. 

In addition, it is axiomatic that within certain limits greater 
efficiency can be obtained from a heated panel by using small 
pipes with short center-to-center distances than with larger pipes 
and greater spacing, and by placing the pipes as near to the sur¬ 
face as practical. There are, of course, instances where only a 
mild heat is necessary, and then the pipes are spread out to meet 
the actual requirements, but, generally speaking, it can be safely 
assumed that any departure from the axiom is merely a compro¬ 
mise and usually has to be paid for in fuel consumption, unequal 
temperatures, or lack of heat. 

Effect of Depth at which Pipes are Buried 

As an illustration of the results we may expect with pipes 
buried at various depths below the surface of the concrete, Fi^- 
136 and 137 indicate the surface temperatures actually recorded 
when pipe coils constructed with 3/4 inch diameter wrought iron 


216 



PIPE SIZE, SPACING AND HEAT INPUT 217 


FLOOR 


CONCRCTC*^ KIKL COILS —7 I 

. ZZ _ 7m ♦ 

o . Oi . 0 ^ o^p ,0 ? O-^T-I 


prp£ COILS 


.*1 




BROKEN STONE—‘ EARTH 

PART SECTION THROUGH FLOOR 



Fig, 136. Surface temperatures of concrete panel with ^'Inch 
ferrous pipes 1 inch below the surface. 






218 


PIPE SIZE, SPACING AND HEAT INPUT 


FLOOR 


CONCRETE 


r .• A 

6 .0 Oo» O. ^’>0.: 

‘ * &6 


PIPE COILS 

:o-/"p>v<r 


a 6- 


BROKEN STONE—* EARTH —• 
PART SECTION THROUGH FLOOR 




I ff 

I *1 

I *1 

I l| 






f V 

ii ti 

I M 


ll II I 


i! I 


I I 


M V 

I ll 


ll •! oil 4 

1|T3| 74 1174 |74 

il'Ml \1! \i' 


' !i 

I! il 
*1 *11 •' 
74l|74 1174 

I \l! Ml \ 


^ I I 

l|60 6el|6ai|ee 

'I !' 

I' h I 


H iji 

Us lUs I es I 
I II |i ■ 

I II I I 

I M ll I 


I |i 

ji ii 

I II 

ii II 

II ll 


n II II II 

M t\ ll 

y \x^yy 


" 

I I ft! 


|l I 

l> I 
l[ l> 


I |1 |l II 

I I |l II 

Si iiv 

ii I II 1^ 

II ll n If 

JI *' y*' n 

ll 


INSULATING STRIP 
AROUND EDGE OF 
FLOOR TO ARREST 
THE CONDUCTION 
OF HEAT OUTWARDS 


3/4"PIPES spaced on 9"CENTER5. 

INLET WATER 


Fig. 137. Surface temperatures of concrete panel with f^-lnch 
ferrous pipes 3 inches below the surfsce* 


PIPE SIZE, SPACING AND HEAT INPUT 


219 


pipes on 9 inch centers were embedded in concrete with the top 
of the pipes 1 inch and 3 inches from the surface of the concrete, 
respectively. By studying the data for these two depths we can 
obtain a good picture as to the problems we have to contend with 
in designing heated panels. The temperatures recorded in both 
instances were taken with the same mean water temperature, the 
same air temperature, and, as nearly as possible, the same sur¬ 
rounding MRT, so that the results obtained give a fair indication 
of what we can expect with pipes at various depths. 

It will be noted that when the pipes were placed 1 inch below 
the surface, there was a difference of 24.5°F between the average 
surface temperature taken directly above the pipes over this sec¬ 
tion of the floor, and the average surface temperature taken be¬ 
tween the pipes. The greatest individual difference, however, was 
29®F. With 3/4 inch diameter pipes placed 3 inches below the 
surface, the greatest difference was only 6®F. On the other hand, 
the average surface temperature for the floor is very much higher 
for a 1 inch thickness than for 3 inches, being 81.25®P for the 
former and 71°F for the latter. 

In addition, the thickness of the concrete above the pipe will 
affect the time lag in heating up. Fig. 138 shows the time for 
heating up both a 1 inch floor and a 3 inch floor from an initial 
temperature of 40°F. 

To obtain a fair comparison, we can take the time required to 
attain an average surface temperature over the panel of 70® F and 
for this purpose we may assume that the average temperature 
over the whole area be taken as the mean between Curves A and B 
for the 1 inch floor, and the mean of Curves C and D for the 
3 inch floor. We find, therefore, that 70®F is reached for A and B 
in 35 minutes, when Curve A register 87®F and Curve B registers 
53® F, whereas it takes 91 minutes for the 3 inch floor to reach 
an average surface temperature of 70®F when Curve C registers 
78®F and Curve D registers 67®F. 

We thus have a lag of 91 minutes for the 3 inch floor as com¬ 
pared with a lag of 35 minutes for the 1 inch floor, a difference 
of 66 minutes. 

The primary object of the test from which Curves A and B 
were recorded, was to ascertain the time required to attain an 
average floor surface temperature of 86®F when the pipes were 
buried 1 inch below the surface. Curves C and D are given to 
indicate the extra time lag and the lower surface temperature 
resulting from pipes being buried to the depth of 3 inches when 
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the mean water temperature was the same as in the former test. 

This chart indicates the necessity of having all floors con¬ 
structed similarly, otherwise there will be considerable uneven¬ 
ness of surface temperature when we have to use the same 
temperature water in all circuits. 

Of course, if all pipe coils are buried to the greater depth, the 
circulating water can be boosted to a higher mean temperature 
and the time lag will be correspondingly shorter. 

It will be noted, however, that the surface temperatures are 
more even with the thicker layer of concrete than with the thin¬ 
ner layer. This indicates that if we wish to obtain an even sur- 
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face temperature when the pipes are near the surface, they should 
be of smaller diameter and closer together. 

While it is an advantage to have an even surface temperature, 
the heat emission from the pipe must also be taken into consid¬ 
eration, and in so doing it will be found that in most cases this 
favors the smaller pipe. There are some conditions where pipes 
can be buried sufficiently deep to enable a high water temperature 
to be used and thereby save on the quantity of pipe required. These 
conditions, however, invariably create a much greater loss of heat 
downwards (in floor panels), which means a waste in fuel. 

Performance of Grid and Continuous Coils 

The actual amount of heat transmitted from the embedded 
pipes depends on the size of the pipe, conductivity of the mate¬ 
rial in which the pipes are embedded, distance which the heat 
has to travel in the embedded material, temperature of the heat¬ 
ing medium in the pipes, distance between the pipes, nature of 
the panel surface, its location, the temperature conditions to 
which the panel is exposed and, to some extent, velocity of the 
water in the pipes. 

The relation of heat emission and velocity indicates to some 
extent why the grid type coil invariably gives off less heat than 
the continuous type coil when operating under exactly the same 
temperature conditions. Several tests under various conditions 
indicated 5% to 12% less output for the grid coil depending on 
the overall size of the coil, size of pipes in the coil, and the care 
with which the grid coil is fabricated. Temperatures recorded 
on the surface of the floor above the pipes of the grid coil indi¬ 
cate that the flow of water is often very irregular and this will 
produce cool spots over the floor area, so that the average surface 
temperature is less, and the total heat output reduced. 

When fabricating a grid type coil, it is essential to see that 
the holes prepared in the header pipes for the ends of the grid 
pipes are all at the same level, so that no air lock or restriction 
is formed. When installing a grid type coil it is much safer to 
support the coil so that the pipes have a deflnite gradient from 
end to end and, thereby, make provision for the air to escape 
freely from all parts of the coil, and at the same time stimulate 
the circulation through each of the connecting pipes. 

Although it is found that grid coils are less efficient than the 
continuous type, there are many places where the grid coils are 
advantageous, so that the heating engineer should select the type 
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of coil according to circumstances. For safety, however, it is 
recommended that when grid coils are used, a margin of 8% to 
10% be added to the coil surface required, and that a reasonable 
gradient be given to each coil. 

Calculations relating to surface temperatures are fairly simple 
and reliable if we know the true conductivity of the material or 
materials through which the heat has to pass, and if the heating 
medium provides a uniform temperature over the whole area. 
With pipes embedded in concrete or plaster, however, the source 
of heat is concentrated at the pipes and the heat transmitted is 
found to vary considerably, depending on the various factors 
mentioned in the foregoing. 

With warm air circulating in floor ducts, the temperature is 
reasonably uniform and the calculations are consequently sim¬ 
plified, but with air warmed with pipes supported in air spaces 
formed in the floor, the intensity of the radiation from the pipe 
to the underside of the flooring plays a very prominent part in 
heat transmission. This will be discussed later. 

Data on Heat Output and Input 
for Concrete Floors 

Under normal conditions, with pipe coils embedded in concrete 
at different depths below the surface, the transmission of heat 
per square foot of pipe surface varies as shown by Fig. 139. The 
actual transmission factor will, of course, depend on the ingredi¬ 
ents and nature of the concrete, on the condition of its surface, 
and on the temperature conditions to which the concrete surface 
is exposed. It also depends on how easy the heat is transmitted 
downwards (in floor panels), because if the heat can be carried 
away easily in the wrong direction an increase in the heat emis¬ 
sion per square foot of pipe may have little or no effect so far as 
heating the room is concerned. However, since the average floor 
construction which is provided with a layer of good insulating 
material below gives a heat loss dowmwards of from 5% to 12%, the 
factors taken from Fig. 139 will give results which will be found 
reliable. It is not possible to include here all the calculations 
which deal with the various types and mixtures of concrete made, 
and the different conductivities; therefore. Fig. 139 is set forth 
here with other factors as a reliable basis for calculating panel 
coils when using the average concrete mix. Similarly, data for 
ceilings used as a basis for later charts, are given in Fig. 241-A. 



224 


PIPE SIffi, SPACING AND HEAT INPUT 


The heat output from pipes appears to vary not only with the 
actual distance apart, but also with the relation of the spacing 
to the depth of the pipes. However, with all other conditions re¬ 
maining constant, and with the pipes at a depth of 1 to 2 inches 
below the concrete, the variation for spacing is found to be fairly 
consistent and follows closely the curve in Fig. 140. 

At this point it may be advisable to study the actual relation 
of heat input to the heat output from the start of a test because, 
with pipes embedded in a floor, the heat input at the start is 
quite different from the heat output after equilibrium is reached, 
and records of short run tests can be very misleading. 

Fig. 141 illustrates the actual heat emission per hour per degree 
diiference per square foot of pipe on three bases as indicated. It 
will be noted from these curves that it took nearly five hours for 
the heat transmission to become stabilized. For instance, if it had 
been assumed that observations made on the heat input two hours 
after the start of the test represented the heat output of the 
floor, the results obtained from Curve B would have given 14.2 
Btu per square foot of pipe per hour, or 69% too high, and at 
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three hours duration the records would have given 11.2 Btu per 
square foot per hour, or 33% too high. 

In Fig. 142 Curve D represents the useful heat obtained from 
the floor, or the actual heat emission into the room per square 
foot of floor surface from the start, and is actually the only quan¬ 
tity which affects the comfort conditions of the room, whereas 
Curve E represents the heat input per square foot of floor area. 
These curves indicate that a test which records only the heat 



Fig. 141. Heat input to floor panel with pipes buried 
1 inch below surface. Compare with Fig. 143. 


Ourve A. Heat input in Btu per square foot of pipe per degree 
difference between the average floor surface temperature and 
the mean water temperature. 

Ourve B. Heat input In Btu per square foot of pipe per degree 
difference between the average floor surface temperature and 
the effective temperature in the room. The effective tempera¬ 
ture was recorded by a globe thermometer. 

Ourve O. Heat input In Btu per square foot of pipe per degree 
difference between the mean water temperature and the effec¬ 
tive temperature in the room. 
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input may not necessarily be a measure of the heat output from 
a radiant heat panel, and are given to sho'w the necessity of mak¬ 
ing extended tests under actual conditions to obtain reliable data. 
The figures represented in Fig. 141 apply to one condition only; 
that is, to one with a concrete finished floor and the pipes covered 
with 1 inch of concrete above the top of the pipes. Similar char¬ 
acteristics are evident in all tests of this nature. 

The actual time lag and surface temperatures will vary in ac¬ 
cordance with the massiveness of the structure. They will also 
vary with the depth and spacing of the pipes, and with any type 
of construction it is necessary to take all factors into account 
when maidng such tests and when compiling the resulting data 
for calculating purposes. An extreme case of time lag was men¬ 
tioned earlier, relating to the Liverpool Cathedral where, owing 
to the massiveness of the structure, it takes 36 hours after the 
heat is cut off for the air temperature to change one degree. 

For the purpose of comparison, Fig. 143 gives records similar 



Fig. 142. Heat emission from floor panel to room. 


Curve D. Heat output per square foot of floor surface. 
Curve E. Heat Input per square foot of floor surface. 
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to those evident in Fig. 141, except that the former represents 
readings taken from a floor where the pipes were 3 inches below 
the surface of the concrete. Since both tests were made under 
the same conditions of temperature, it is significant to note the 
lesser emission from the pipes 3 inches below the surface to the 
figure obtained for the pipes with a 1 inch layer of concrete only. 
It was found that even when the average surface temperatures 
of both were the same, the floor with the thinner layer of con¬ 
crete above the pipes gave a slightly greater heat emission to the 
room. This was undoubtedly due to a greater concentration of 
heat rays emitted from the concrete surface directly above the 
pipes, as was recorded by the thermopile when taking the inten¬ 
sity of the rays over the whole surface. 

While the foregoing charts are shown to indicate the conditions 
met in actual practice, they also show the need of compiling 
figures for use in calculations which will be reliable for all the 
various construction combinations commonly used. The methods 



Fig. 143. Heat input to floor panel with pipes buried 3 inches 
below surface. Contpare with Fig. 141. 
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Fig. 144. Section of concrete floor with pipe embedded 

2 inches below surface. 


adopted and materials used in building construction are so varied 
that any change may have a serious effect on the results of the 
system if we do not apply the correct factors for the particular 
construction with which we are dealing. 

Problem 1: Concrete Floors with Pipes 
Embedded — Fig. 144 

Assuming we have to determine the amount of pipe necessary 
to heat, to a given temperature, a concrete floor with the pipes 
embedded in the concrete, then we first have to know the type 
of floor construction and the depth to which the pipes will be 
buried. 

It is necessary to provide coils for a concrete floor which will 
have a surface temperature of 85®F, and will give off 38 Btu per 
square foot per hour, as mentioned in Problem 5, Chapter 12, 
the construction of the floor being similar to that illustrated in 
Fig. 144. 

With a floor of this construction it is not sufficiently accurate 
to assume a plane at constant temperature through the center 
line of the pipes such as X-Y, simply because there actually exists 
in the concrete a temperature gradient from all points of contact 
with the pipe which increases according to the depth of the pipe 
and the distance between the pipes. 




PIPE SIZE, SPACING AND HEAT INPUT 


229 


There appears to be no simple formula which will meet every 
condition and give results which can be substantiated by actual 
results. We are, therefore, compelled to rely largely on the re¬ 
sults obtained from as many specimen jobs as possible, backed 
by laboratory tests. The author has found that by taking the 
average of the distances a and h, and by using this figure in the 
calculations for heat transmission, the resultant gives a very 
close approximation of the actual results obtained. In formula 
form, the conductance C in Btu per sq. ft. per hr. per deg. tem¬ 
perature difference is 

1 

- 

(a + b)-j-2 

k 

where k = the conductivity of the floor material (for concrete, 
9.0) and dimensions a and b, in inches, are measured as shown 
in Fig. 144. 

It is not suggested that this method is absolutely correct for 
all conditions, but it is the closest approximation which the 
author has been able to introduce into these calculations to bring 
results which will agree with the average conditions. For exam¬ 
ple, assuming that distances a and b are 2 inches and 6 inches, 
respectively, then the conductance C will be as follows: 

1 1 

C =- =s -= 2.25. 

(2" -I- 6") 2 4" 

9 9 

Therefore, if we need a heat transmission of 38 Btu per square 
foot per hour as stated, then the temperature difference should 
be 38 ~ 2.25 = 17®F. Since the floor surface is given as 85®F, 
then the pipe surface should be at 85® 17® = 102®F, which 

calls for a mean water temperature of approximately 105®F. 

The distance b has to be assumed for a trial calculation and 
verified afterward. However, if reference is made to the tables 
in Chapter 16 for pipe sizes and spacings according to the Btu 
transmission required from floor surface, these data are given 
for many of the more commonly used floor constructions. 

At this stage in the calculations it is necessary to ascertain the 
amount of heat which will be transmitted downwards, and to 
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calculate this we are safe in making another assumption as before 
and take the average of the distances c and d (Fig. 144). If these 
distances are 1 inch and SVz inches, respectively, we have an 
average distance of 3.25 inch for the heat to travel in a concrete 
medium which has a conductivity of 9, as assumed before. 

It will be noted that a conductivity of 9 has been used for 
concrete. If the conductivity of the concrete actually used is less 
than 9, then the transmission of heat to the floor surface will be 
retarded and the pipes must be placed closer together, or the 
water temperature raised. The correct temperature and spacing 
may be obtained by using the actual conductivity factor for the 
particular concrete used in calculating the conductance of the 
concrete floor. 

The conductivity of the broken stone or gravel will depend on 
its dryness and also on the size of the stones. Another factor in¬ 
fluencing the conductivity is whether or not the air spaces are 
well divided in order to retard heat passing downwards. Without 
definite information on its properties a factor of 4 may be used 
in calculating the conductance, providing the stones are regular 
in size and do not contain dirt or other soft material to fill up 
the air spaces. This figure may be considered as very liberal, 
since heat under any conditions is retarded when travelling in 
a downward direction compared with its motion upwards. 

In regard to the transmission through the earth, this again is 
somewhat problematical because the conductivity of soil may 
vary from 2 to 12, depending on its nature and dryness, and also 
whether it is native soil or loose soil. From a large number of 
tests made with different types of floor heating, the author has 
found that the heat transmitted downwards through the earth 
seems to be fairly well accounted for by using a factor of 6. 
Therefore, it can be assumed that the total conductance C is. 

.12, approximately, Btu per hr. 
per sq. ft. per deg. tem¬ 
perature difference. 


In this formula the figure 8 is the depth of stone. See cross 
section Fig. 144. 

With the floor heated continuously throughout the winter 
months, it can be assumed that the earth, down to a reasons e 
depth within the area of the floor, will eventually reach a em 


1 1 

3.26 8 6 8.361 

- 1 - 1 - 

9 4 1 
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perature of 70°F, so that since the surface of the embedded pipes 
will be 102®F, as calculated above, the amount of heat transmitted 
downwards will be; 

(102® — 70®) X *12 = 32 X *12 = 3.84 Btu per square foot 
of floor area per hour; this is about 10% of the useful heat which 
is given by the floor to the room. 

Since there are 38 Btu per square foot travelling upwards and 
3.84 Btu per square foot travelling downwards, the total heat 
load to be supplied by the pipe coil = 38 3.84 ^ 41.84 Btu 

per square foot of floor area per hour. ’ 

From Fig. 139 we find from Curve A that each square foot of 
% inch pipe with 2 inch bury in concrete will give off 7.4 Btu 
per square foot per degree difference between the mean water 
tempeiature and the surface temperature of the floor. Since the 
floor temperature is 85°F and the mean water temperature, as 
calculated, is 105®F, we have a differential of (105® — 85®) 
20®F. Therefore, the emission per square foot of % inch pipe 
under these conditions will be 7.4 x 20 = 148 Btu per hour. 

Since the total heat load is 41.84 Btu, we need 41.84 148 = 

.282 square feet of pipe per square foot of floor area; and since 
each lineal foot of % inch wrought iron pipe has an outside sur¬ 
face of .275 square feet, we need .282 .275 = 1.029 lineal feet 

of % inch pipe. In other words, if we use % inch pipes, these 
must be placed on 12 inches - 4 - 1.029 ^ 11.66 inch centers. We 
can at this stage in our calculations decide if we have allowed 
sufficient margin in calculating heat losses from the room, or if 
we wish to add some margin to the number of pipes in the coil. 
For instance, it may be necessary to add extra pipe surface to 
allow for the heat which is conducted from a floor to the out¬ 
side walls and represented by in the charts in Chapter 16. 
If we need no extra margin we can decide on a coil with % inch 
pipes with IIV 2 inch centers, or if we wish to add a little to the 
pipe surface to provide a small margin of safety we may do so 
by allowing the coils to be fabricated with the pipes on 11 inch 
centers, or even less. 

To save time in calculating pipe surfaces, a set of charts should 
be compiled for all of the more common conditions we find in the 
average building, so that the amount of pipe may be estimated 
with greater speed and possibly greater accuracy. Some of the 
charts more commonly used by the author are reproduced with 
other useful data in Chapter 16. These should be helpful on 
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Fig. 145. Pipes embedded in concrete floor with covering 

of asphalt I'/g inches thick. 


many standard jobs, but others may be easily compiled on similar 
lines and filed for easy reference. 

In some of these calculations the surface area of wrought iron or 
steel pipes is used exclusively, but in the many tests made with 
copper pipes it has been found that for equivalent outside surface 
and approximate outside diameter, the emission factors for cop¬ 
per when embedded in concrete and plaster and tested under the 
same conditions are identical with those for wrought iron and 
steel. Therefore, it is an easy matter to convert the dimensions 
from steel or wrought iron to copper pipe when found desirable. In 
Chapter 16, however, charts will be found for both ferrous and 
copper pipes. This equality of emission does not apply to pipes 
supported in air spaces under the floor, because if pipes having 
a smooth or polished surface are placed in the air spaces of floors, 
then there is a decided difference in the heat emission. 

Problem 2: Concrete Floor with Asphalt, 

Floor-Fig. 145 

In considering a few of the more commonly constructed floors, 
it is of interest to study the effect of a layer of asphalt on top of 
concrete, since this may be used for garages and similar build¬ 
ings. The conductivity of asphalt, 8.7, is very close to the con¬ 
ductivity of the concrete used in Problem 1. Therefore, if we 
assume that we have a floor constructed as shown in Fig. 145, 
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vve can further assume, with very little error, that the pipes are 
at a depth below the surface equivalent to 2 -f- 1*/^ =z= 3V^ inches 
of concrete and, according to Fig. 139, the transmission from the 
pipes will be 5.8 Btu per square foot of pipe per degree difference 
between the mean water temperature and the floor surface tem¬ 
perature. 

Since we are now dealing with a garage or similar building, 
it may be that an air temperature of 66®F will be considered 
satisfactory, and also that it is possible to have a floor surface 
temperature of 90®F instead of 85®F. The only reason we recom¬ 
mend a surface temperature of 85®F for a floor in offices and 
residences is because of the possible ill effect of higher temper¬ 
atures on persons when resting their feet on a surface too hot 
for comfort. Of course, with a garage, we must consider the 
possible effect on tires if these are allowed to rest on the floor 
above a heating pipe. We must also consider the effect if oil and 
gasoline are allowed to remain on a very hot floor . 

In this problem, however, we will first consider the conditions 
with an 85® floor and the same temperature as before, so that 
we may see what difference an asphalt covering will make com¬ 
pared with a concrete surface. In the study of Fig. 145 we find 
that since the heat has to travel from the pipe through an average 
distance of (2 -|- 6) 2 = 4 inches of concrete and IVg inches 

of asphalt with conductivities of 9 and 8.7, respectively, the 
conductance C is: 

1 1 

C =-=s --- 1.62 Btu per hr. per sq. ft. 

4 1.5 .444 + .172 

9 8.7 

Therefore, to obtain a transmission of 38 Btu per square foot 
per hour, the temperature difference must be 38 -i- 1.62 s= 
23.4®F. The surface temperature of the pipe, then, must be 
(86® _j_ 23.4®) = 108.4®F. This requires an approximate mean 
water temperature = 110® F. 

Since the mean water temperature is 5®F higher than in 
Problem 1 because of the asphalt floor cover, there will be a 
slightly greater transmission loss downwards, and this will be 
(108.4 — 70) X *12 s= (38.4 X -12) — 4.61 Btu per square 
foot per hour, or 12.12% loss, neglecting any heat loss by con¬ 
duction to outside wall. 
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This result emphasizes the need of using a better insulating 
medium below the pipes when we use higher temperature cir¬ 
culating water, especially where the pipes are covered by an extra 
thickness of concrete, or where the concrete floor is covered with 
material of low conductivity. A loss of 12% is serious, and is 
taking place throughout the whole of the heating season. The 
actual loss in Btu will be less during mild weather because the 
system will then be operating at a lower mean water temperature, 
but some heat loss will take place throughout the season and this 
will cancel part of the saving in fuel consumption which normally 
can be effected with a radiant heat system. 

Since the total heat load is (38 -)- 4.61) = 42.61 Btu per 
square foot of floor area per hour, and the transmission from the 
pipes according to Fig. 139 is 5.8 Btu per square foot of pipe 
per degree difference, we can now calculate the amount of pipe 
required. The actual heat emission from the pipe will then be 5.8 
X (110® — 85®)^ 5.8 X 25 ^ 145 Btu per square foot of % inch 
pipe, so that we shall require 42.61 -h 145 = .2938 square foot of 
% inch pipe per square foot of floor area. Since each lineal foot 
of % inch pipe = .275 square foot, we need .2938 .275 = 1.068 

lineal feet of % inch wrought iron or steel pipe, and the pipes will 
be spaced on 12 h- 1.068 = 11.23 inch centers. This means that 
to take care of an asphalt covering lYz inches thick, we place the 
pipes slightly closer than with a plain concrete floor, and we in¬ 
crease the temperature of the circulating water by 5®F. At the 
same time, however, we increase the loss of heat downwards from 
10% to 12.12%. 

Problem 3: Concrete, Asphalt Floor, 

Floor 90°F.-Fig. 145 

If now we consider the same problem, but with an internal air 
temperature of 65°F and a floor temperature of 90®F, we have 
the following conditions: According to Figs. 126 and 127, the 
total heat emission from the floor will be 48 Btu per square 
foot per hour. Since we have the same conductance for 
the top flooring as in Problem 2, the surface tenapera- 
ture of the pipes will be 90® -|- (48 -r- 1.62) = SO** 
-f- 30® = 120®F, requiring a mean water temperature of 122® 
to 126°F. The loss downwards will then be (120 — 70) X = 
(50 X '12) = 6.0 Btu per square foot of floor area, making the 
total load c= 48 6.0 = 54.0 Btu per square foot of floor area. 
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The loss of heat downwards will be 12'/^% of the heat given off 
by the floor, which is approximately the same percentage as for 
Problem 2. In Problem 3, however, we have increased the actual 
loss downwards per square foot from 4.61 Btu to 6 Btu, but we 
have also increased the heat given off from the floor to the garage 
from 38 Btu to 48 Btu per square foot. 

Since the emission from the % inch embedded pipes will be 
5.8 Btu per degree difference as before, the actual emission from 
the pipes will be (125 — 90) X X 35) = 203 Btu 

per square foot of pipe, or 54 203 ^ .266 square foot of % 

inch pipe. To obtain .266 square foot we require .266 - 7 - .276 = 
.967 lineal foot of % inch pipe and the coils would be constructed 
with the pipes on 12 -h .967 = 12.41 inch centers. It will be 
noted that by increasing the floor surface temperature to 90®F, 
we can increase the water temperature and thereby make a saving 
in the amount of pipe required. We do, however, get a greater 
loss of heat downwards, which must be considered before making 
a decision. We could, of course, use 1 inch pipes instead of % 
inch, in which case the 1 inch pipe would be on (12.41 X *344 
-i- 275) X -96 = 14.9 inch centers, but with 14% inch centers 
we shall find an appreciable difference in surface temperatures 
above and between the pipes. 

We should at this point consider if it is an economical advan¬ 
tage to spend a little more money on the under-floor to reduce 
the heat loss downwards and thereby save in fuel consumption. 
It is an easy matter to calculate the loss in fuel consumption per 
annum to meet the heat losses and compare this for a few years 
against the extra initial cost of, say, putting in an extra layer 
of broken stone, or a layer of cork below the concrete slab. If, 
for instance, we use a 12 inch layer of broken stone instead of 
8 inches, we have a conductance of 

1 1 

C ----= 0.106 Btu per hr. per sq. ft. 

3.26 12 6 9.361 per deg. 

- 1 -i— 

9 4 1 

The loss downwards will be (120° — 70°) X 0.106 ^ 5.3 Btu per 
square foot of floor area. This represents a small saving of .7 
Btu per square foot per hour only. 

If we use a layer of cork 2 inches thick in addition to the 
8 inch layer of stone, then we have a conductance of 
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C =- 

3.25 


1 



2 


9 



0.30 


1 

- .0665 Btu per hr. 

15.027 per sq. ft. per deg.' 


The loss downwards in this case will be (120° — 70°) X -0665 
= 3.325 Btu per square foot of floor area per hour. This repre¬ 
sents a saving of 2.675 Btu per square foot which, with a larger 
floor area, will represent a considerable saving in the annual fuel 
consumption. 


Effect of Asphalt Tile 

Similar calculations may be used in connection with other floor 
coverings, and it is of interest to study a case of asphalt tile on 
concrete. Fig. 146 is a photograph of an experimental slab used 
by the author to ascertain the effect of asphalt tiles on a standard 



Fig. 146. Test set up to determine surface temperatures and 

impressions on asphalt tiles. 
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heated panel as regards output, and the possibility of the binding 
cement becoming soft, or of the tiles moving or showing any 
sign of depression from weighted chairs and furniture when 
placed on the hot tiles. 

The surface of the asphalt tiles was found to be less efficient 
than that of the concrete, which is what we expect when consid¬ 
ering the nature of the surface. This lesser heat emission is also 
evident by results obtained in rooms where the complete floor 
was covered and is undoubtedly due to the polished surface of 
the tile. Linoleum will also give a lower heat emission per square 
foot than concrete for the same reason. 

The tile or linoleum covering can be made to have the same 
surface temperature as a concrete floor by boosting the water 
temperature slightly, as will be seen from Fig. 147 which indi- 



Flg. 147. Relative surface temperatures of concrete and asphalt 
tiles. The curves for asphalt can also be used for linoleum. 
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cates the actual surface temperatures recorded for various mean 
water temperatures, but the actual heat emission from the surface 
of tiles and linoleum will be less than that for concrete even 
though the actual temperatures of the surfaces are the same. 

From Fig. 147 it will be seen that when no felt or paper was 
used under the asphalt tiles there was only 2® or 3® difference 
in the surface temperature of the concrete and the surface tem¬ 
perature of the tiles. The radiation emission recorded by the 
thermopile, however, indicated a considerable difference in the 
heat emitted from the surface of the tiles compared with that 
from concrete. This indicates that it can be very misleading to 
decide on the suitability of a floor covering by its surface tem¬ 
perature. In this test the heat transmission per square foot of 
area through the tiles was less than with the concrete, but since 
the emissivity of the tiles was less than that of the concrete, the 
surface temperature was allowed to rise until it nearly approached 
that of the concrete. The two retarding factors brought a tempera¬ 
ture which could be misleading. While this difference varies ac¬ 
cording to the nature and actual temperature of the surface, it may 
be considered that the reduction of the total heat emission for the 
tiles from that of concrete will be about 8% to 12% for the same 
surface temperature. This appears to be a reliable correction to 
make, since it is substantiated in rooms where the whole 
floor is covered with linoleum. This reduction must be aUowed 
for by adding more heated surface in the room, or using a some¬ 
what higher surface temperature if this is permissible. 

When the usual layer of paper felt is used under the tiles there 
is a slightly bigger difference in the surface temperatures, as in i- 
cated by the Curve B in Fig. 147. This means that if it is neces¬ 
sary to have the same surface temperature when a layer of paper 
felt is used under the tiles or linoleum, a higher water tempera¬ 
ture will be necessary. 


Problem 4: Concrete with Asphalt 
Tile and Felt 

To study the conditions of an asphalt tiled floor with an under 
layer of paper felt, we wiU assume a typical floor constructaon as 
in Fig. 144, but with asphalt tiles 3/16 inch thick laid 
paper felt with the usual cement binder. If the conductm^ o 
the felt and tile is 4 and 6.5, respectively, we have a conductance 

for this type of floor of 
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1 1 

C=-= -_2, 

.125 .1876 4 .03125 -f- .029 -f .444 

- 1 - 1 - 

4 6.5 9 

approximately. Since the surface temperature of the tiled floor 
is to be 85®F, the Btu emission will be reduced to 36 Btu per 
square foot of floor area, because of the lower emissivity. There¬ 
fore, the temperature differential will be 36 -f- 2 = 18°F, and 
the surface temperature of the pipe will be 85° -j- 18° = 103°F, 
or a mean water temperature of 105°F, approximately. 

Since the mean water temperature is the same as in Problem 1, 
Fig. 144, the heat loss downwards will remain 3.84 Btu per square 
foot. Consequently, the total load will be 36 -f- 3.84 = 39.84 Btu 
per square foot of floor area. 

In using Fig. 139 for the transmission of heat from embedded 
pipes through a layer of tiles and a layer of paper felt, we can 
assume that the equivalent thickness of concrete for the tiles and 
felt will be: (.125 x 9 ^ 4) + (.1875 X 9 6.5) = .541 

inches, practically ^ inch of concrete. Therefore, we may take 
the average equivalent thickness of concrete for the heat to travel 
through in this case as 4 -|- % = 4V^ inches. When using chart 
in Fig. 139 we can assume the depth to be a -j- % inch ^ 2y2 
inches, and from curve A we find the emission factor will then 
be 6.8 Btu per square foot of % inch pipe per degree difference. 
Since the total heat load is 39.84 Btu, and the temperature dif¬ 
ference is (105° — 85°) = 20°F, the pipe surface required is 
39.84 -i~ (20 X 6-9) = -29 square foot of pipe per square foot 
of floor area. This represents .29 275 = 1.054 lineal feet of 

% inch pipe per square foot of floor area, or the % inch pipes 
are spaced on 12 1.054 ^ 11.38-inch centers. If desirable, 

larger pipes may be used, spaced wider apart, in which case we 
may use 1 inch pipes spaced on (11.38 X -344 h- .275) x -96 = 
13.66-inch centers, or we may use inch pipes spaced on 16%- 
inch centers. There is, however, a danger of some unevenness 
of surface temperature, as illustrated in Fig. 136. 

If it is permissible to have a surface temperature higher than 
85°P for the tiles, we can easily allow for this by having a higher 
water temperature and thereby increase the output. If we wish 
to raise the surface temperature to obtain the original 38 Btu 
emission per square foot, the floor temperature must be raised 
to 87°F, and the pipe surface to 87° -j- (38 -j- 2) ^ 87 -j- 19 = 
106°P, requiring a mean water temperature of 108° to 110°. 
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Fig. 148. Concrete floor with pipes embedded In crushed stone. 


Problem 5: Concrete Floor, Pipes 
in Stone — Fig. 148 

Another type of concrete floor construction is worthy of special 
study because it reveals a condition where, by forfeiting eflBciency 
in fuel consumption, it is possible in some special cases to employ 
a higher water temperature and thus to use less pipe. 

Fig. 148 illustrates a floor construction in which the pipes are 
embedded in the broken stone, with a layer of concrete above. 
It is a type of floor construction widely used, with little realiza¬ 
tion of the heat loss downwards. 

For the purpose of this case study we will assume the top of 
the pipes simply touches the bottom ot the concrete slab, although 
in some cases a portion of the liquid part of the concrete mix will 
find its way over a part of the pipe, while in other cases the pipes 
are completely covered by the broken stone or gravel, in which 
case the concrete does not touch the pipe. 

In the first place, the emission from the pipes buried in broken 
stone or gravel is considerably less than when they are actually 
embedded in concrete or plaster, as will be seen by referring to 
Curve B in Fig. 139. In this case, with 4 inches of concrete above 
the pipe the emission per square foot of pipe per degree differ¬ 
ence is 2.9 Btu per hour. It is, of course, possible to operate a 
a higher mean water temperature with this construction withou 
fear of cracking the concrete but, on the other hand, the loss 
downwards will be greater and we cannot have too high a wa r 
temperature; otherwise, the surface temperature of the oor 
directly above the pipes will be found uncomfortable. 
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Assuming the conductivities of the materials to be as in pre¬ 
vious examples, but taking into account the fact that the heat 
has to enter the underside of the concrete from a broken surface, 
for which we use a factor of .61, we have a conductance for the 
concrete: 

1 1 

C =-*=-= .838 Btu per sq. ft. per hr. per deg. 

.61 4- 5.25 1.192 


9 

With a surface temperature of 85®F and a heat emission of 
38 Btu per square foot per hour from the floor, the surface tem¬ 
perature of the pipes will be 85° -)- (38 -f- .838) ^ 130.4°F, 
requiring a mean water temperature of approximately 133°F. 

To calculate the amount of pipe required, we must first know 
the loss of heat downwards. The calculated conductance of the 
broken stone and soil is 

1 1 

C = -- — ^ .125 

(9 + 7)-^-2 6 8 

-- -j- 

4 1 

Therefore, the amount of heat which will pass downwards is 
.125 X (130.4 — 70) = .125 X 60-4 = 7-55 Btu per square foot 

of floor area, or a loss of 19.9%. 

The total heat load is then 38 + 7.55 = 45.55 Btu per hour. 
Since the emission from the embedded pipe is 2.9 Btu per square 
foot per hour per degree difference, each square foot of pipe will 
give off (133 — 85) X 2.9 = 139 Btu per hour. The pipe sur¬ 
face required will, therefore, be 45.55 h- 139 ^ .328 square foot 
of pipe. Since each lineal foot of % inch pipe has .275 square 
foot of surface, we require .328 .275 = 1.19 lineal feet.^ In 

other words, the pipes will be spaced on 12 1.19 = 10 inch 

centers. 

Problem 6: Concrete Floor, Pipes in 
Stone, Insulation — Fig. 149 

With the type of floor construction shown in Fig. 148 it is an 
advantage to have a strip of insulating material under the pipe, 
as shown in Fig. 149. This has the advantage of giving a firm 
flat base for supporting the pipes, and when the concrete is being 
poured it will allow the liquid mix partially to surround the pipe 
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Fig. 149. Concrete floor with insulating material below pipes 

embedded in broken stone. 


and form a more efficient seal. The strips will also retard the 
downward flow of heat and thereby reduce the heat losses. As¬ 
suming the insulating material to be a strip of celotex % inch 
thick with a conductivity of 0.34, then the total conductance for 
the downward flow of heat will be: 

1 1 

C =-----or .098 

(9.5-I-7.5)-^2 6 .5 10.205 

I-1-.61 

4 1 0.34 

Btu per sq. ft. per hr. per deg. 

To obtain the temperature of the pipes, we find that since 
there is 4 inches of concrete above the pipes, the average distance 

4 + 6y2 

for the heat to travel will be approximately-— = 5% 

2 

inches. However, it is not found possible to get the same surface 
temperature with pipes partly covered with concrete in this way 
as we do when the pipes are well embedded, as illustrated in Fig. 
144, for instance. From temperatures recorded with this type of 
construction it seems to be more correct to add a factor of 50% 
of the usual surface conductance, since only part of the surface 
makes direct contact with the concrete. Therefore, a factor of 
.30 is used in the usual formula when calculating the conductance. 
Therefore, the conductance will be: 
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111 

_____=1.13 Btu per sq. ft. per hr. 

5.25 .584 + .30 .884 per deg. 

-1- .30 

9 

The temperature of the pipe, therefore, will be; 

85 + (38 1.13) = 85 + 33.6 = 118.6°F, approximately, with 

a mean water temperature of i20®F. The flow of heat downwards 
will then be: (118.6 — 70) X -098 = 4.76 Btu per hour per 
square foot of floor area, or 12.6% loss compared with 19.9% loss 
for the construction shown in Fig. 147. 

Since the pipes are partially surrounded with concrete we may 
use an emission factor midway between Curve B and Curve A in 
Fig. 139. In this case, since there will be 4 inches of concrete 
only above the pipe, we may use a factor of 4.2. Therefore, the 
total emission from the pipe will.be: (120 — 85) X «= 147 
Btu per square foot. As the total heat load is 38 + 4.76 ^ 42.76 
Btu per square foot, the amount of pipe required = 42.76 -j- 147 
= .29 square foot of % inch pipe. Since 1 lineal foot of inch 
pipe has a surface of .275 square foot, we need .29 h- .275 = 
1.064 lineal feet. In other words, the pipes will be spaced 12 
inches 1.054 = 11.4 inches apart. By inserting the celotex 
under the pipes we are able to space the pipes on 11 inch centers 
instead of 10 inch, and we reduce the heat loss downwards from 
19.9% to 12.6%. If, on the other hand, we wish to use larger 
pipes, we may use 1 inch pipes on 11.4 X -844 -j- *275 X — 
13.7 inch centers. 

Data on Heat Output and Input for Wood 
Floors with Pipes in Air Spaces 

To calculate the pipe surface required when coils are placed 
in an air space of a wood floor construction similar to the design 
in Fig. 150, it is first necessary to ascertain the air temperature 

required in the space X. . , , 

It will be noted that while the methods adopted in calculating 
the surfaces and temperatures in these examples follow the usual 
procedure for such problems, it has again been necessary to in¬ 
troduce certain empirical factors which have been obtained from 
compiled data gathered from a large number of similar instaUa- 
tions in order to make sure that the calculated results will agree 
very closely with the actual results obtainable on the finished 

installation. 
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PIPE COILS 


I OAK WOOD FLOOR JOI 







WOOD LATH f INSULATING MATERIAL 

PLASTER 


Fig. 150. Section of wood floor with hot water pipes in air space. 


In regard to the temperature of the circulating water, it is 
permissible to operate at a much higher temperature when the 
pipes are supported in an air space than when the pipes are em¬ 
bedded in plaster or concrete. The pipes transfer less heat to air 
than to concrete, and since there is less risk of overheating the 
floor surface, the higher temperature will help to reduce the 
amount of pipe required. It is imperative, of course, that the 
wood used for joists and flooring is perfectly dry before nailing 
the boards to the joists. It is often desirable to use water with 
a temperature of 160® to 170° with one floor board only, and a 
mean temperature of 170° to 180°F if two layers of floor boards 
are laid above the pipes or if heavy carpets are used on all floors. 
In this case study we will assume a mean temperature of 160°F 
and will discuss carpets later. The temperature relation between 
mean water temperature and surface temperature is quite dif¬ 
ferent from that indicated in Figs. 136 and 137 for concrete 
floors, and Figs. 151 and 152 have been prepared from actual 
readings to indicate the floor surface temperature for a single 
board covering and also a double board covering, respectively. 

In regard to the transmission of heat from an air space to the 
floor surface above, it is found that when pipes are installed in 
the air space and these are close to the underside of the floor 
boards, the total transmission of heat through the floor board 
is considerably greater than can be accounted for by the usual 
method of calculation on differential air temperatures and the 
recognized conductance of the material. This, undoubtedly, is 
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due to the intense amount of radiation which reaches the under¬ 
side of the board directly above the pipe. Consequently, we find 
in actual installations that it is unnecessary to maintain such 
a high air temperature for this type of floor heating as we do 
when circulating warm air through the floor ducts. 

The heat transmission due to the radiation from the pipes is 
more intense the closer the pipe is to the floor board, but there 
should be a limit to its closeness, because the closer the pipes are 



Fig. 151. Surface temperatures Fig. 152. Surface temperatures 
of hardwood floor with single of hardwood floor with double 
floor boards, flooring. 
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to the floor boards, the greater will be the surface temperature 
differential between the surface of the floor directly above the 
pipes and the temperature of the floor surface between the pipes. 
This, however, is not so noticeable as when hot pipes are em¬ 
bedded and covered with a thin layer of concrete and, generally 
speaking, if the pipes are placed with an air space of to % 
inch between the underside of the floor board and the top of the 
pipes, the results will not be objectionable. If the floor boards 
are well seasoned before delivery and dried thoroughly by being 
spread over the hot coils for a week or two before being nailed 
down, there will be no fear of shrinking or twisting. 


Problem 7: Single Wood Floor, 

Pipes in Air Space — Fig. 150 

It is assumed that we have a floor covered with oak tongued 
and grooved floor boards 1 inch thick with a conductivity = 1.11. 
and that we need an average floor surface temperature of 86®F 
with a total heat emission of 38 Btu per square foot of floor area 
per hour. We also assume that the mean temperature of the cir¬ 
culating water is 160° for maximum heat load. 

Invariably the finished floor boards have a thickness somewhat 
less than the standard dimensions, and 1 inch boards are usually 
finished at 15/16 inch thick or less, while % inch boards are 
finished at 11/16 inch thick. For the purpose of this calculation 
we will assume the finished oak boards are 15/16 inch thick. 

In calculating the conductance of floor boards, it is found that, 
owing to the effect of radiation from the pipes to the underside 
of floor board and the intensity of the heat passing through the 
board by conduction, we get closer to the actual results if 
assume the temperature of the air in the upper part of the 
to be equal to the surface temperature of the underside of the 
board. By measuring the actual surface temperature on e 
underside of board close to the pipe, we find evidence tha is 
assumption is substantially correct. Consequently, we can as 
sume the air temperature in the space X (Fig. 160) to be. 


85 + / 38 -^- 


= 85 + (38 -f- 1.18) = 117“F 


\ / 

It may be more correct to say that this high temperature 
only at the top of the space above the pipes. If temperature re 
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ings are taken in the air space at a lower level, they will be found 
several degrees lower and, consequently, the heat emission from 
the pipes will be greater than that calculated on a temperature dif¬ 
ferential basis using the higher air temperature. However, since 
on some installations the pipes may be supported at a lower level 
and, consequently, farther away from the floor board than indi¬ 
cated above, it is deemed advisable in these calculations not to 
take advantage of the conditions which will exist when the pipes 
are supported close to the underside of the floor boards, except 
that the chart shown in Fig. 153 anticipates some advantages 
which can be expected in all such types of flooring. Any further 
allowance which can be made is something for the heating engi¬ 
neer to consider when designing coils for wood floors. The charts 
in Chapter 16 are based on average conditions and may be used 
accordingly. 

Before calculating the amount of pipe required, it is necessary 
that we know the amount of heat transmitted downwards, because 
this amount must be added to the 38 Btu transmitted upwards 
to the room. It may also be necessary to add this amount of heat 
as heat gains to the room below. Since the room below is also 
heated with floor heating and will have an air temperature of 
68®F, it may be assumed that the air adjacent to the ceiling is 
at 70®F, which gives us a differential of 117® — 70® ^ 47®F. 

The media through which the heat has to travel downwards 
(Fig. 150) are 6 inches of slag wool with a conductivity of 0.3, 
3/16 inch wood lath with a conductivity of 1.1, and % inch of 
plaster with a conductivity of 3.5. Therefore, 

1 1 

C =-—--- 01* 

1 6 .1875 .75 .61 + 20 -j- .17 + .214 

-i-h-1- 

1.65 0.3 1.1 3.5 

.0476 Btu per sq. ft. per hr. per deg. 

With a temperature differential of 47®F, the heat transmitted 
downwards will be 47 X -0476 = 2.24 Btu per square foot per 
hour, approximately a 6% loss. The total heat load will, there¬ 
fore, be 38 + 2.24 s 40.24 Btu per hour for the pipes to supply. 
Actually, the heat transmitted downwards is found to be appreci¬ 
ably less than the heat transmitted upwards with the same con¬ 
ditions of temperatures and media, and in many cases this makes 
as much as 4% to 8% difference. In this case, however, we will 
assume that no reduction of the heat loss has to be made. 
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Fig. 153. Heat transmission per lineal foot of wrought iron or 
steel pipe of various diameters when supported in air space 

under floors. 
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The heat emitted from the pipes under these conditions is 
largely in the form of radiant energy and the exact amount per 
square foot depends on the surface of the pipes and also the 
surface of the underside of floor boards. Usually, the surface on 
the underside of the boards is rough and has a good absorption 
factor, and with wrought iron or steel pipes the emissivity of the 
surface is also good. 

The transmission will also depend on the actual temperature 
of the pipes, their proximity to each other, and to the underside 
of the boards. Broadly speaking, however, it is safe to assume 
within reasonable limits a radiation factor for % inch pipes of 
approximately 1.224 Btu per square foot of pipe per degree dif¬ 
ference between the water in the pipes and the temperature of 
the surroundings of the enclosure, plus a factor for convected 
heat of 1.116 Btu per square foot of pipe per degree difference 
between the temperature of the water and the air in the en¬ 
closure. Since in many cases the ambient temperature in an air 
space formed in a floor construction is found to be actually lower 
than the surface temperature required for the underside of the 
floor boards by the resultant of the foregoing equation, the 
author has found the chart shown in Fig. 153 to give results 
which are reliable for these conditions. Therefore from Fig. 153 
we find that a inch pipe with a temperature difference of 
(160 — 117) = 43°F will give off 27 Btu per lineal foot of pipe 
per hour. Consequently, we need (40.24 -i- 27) ^ 1.49 lineal 
feet per square foot of floor area, and the pipes must be spaced 

on 12 -f- 1.49 = 8 inch centers. 

If we wish to use 1 inch pipes, we find from Fig. 153 that the 
heat emission from a 1 inch pipe under the same conditions will 
be 31.7 Btu per lineal foot per hour. Consequently, we need 
(40.24 31.7) e= 1.27 lineal feet, and the 1 inch pipes will be 

spaced on 12 -j- 1.27 = 9.45 inch centers, approximately SYz 
inches. 

We may, of course, use a slightly higher water temperature 
for a maximum heat load and thereby reduce the amount of pipe 
necessary. With a system designed for a mean water temper¬ 
ature of 160®P for extreme conditions, the average mean tem¬ 
perature throughout the heating season will be about 115®F to 
120°F only. While it is possible to operate satisfactorily with 
the mean water temperature above 160®F, it is not recommended 
that we go above 175°F for the best results. 

At this stage we should consider the effect of this heated floor 
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on the room below, because we have heat passing down through 
the ceiling in the amount of 2.24 Btu per square foot per hour. 

This heat, in addition to adding heat to the lower room, will 
also raise the surface temperature of the ceiling in the room 
below and this in turn will raise its MET. The need for taking 
care of this heat transmission from one room to another cannot 
be too greatly emphasized. In some cases it is not important and 
can be compensated for by reducing the water circulation in the 
floor coils of the room affected. An adjustment made on the flow 
modulators provided in each coil circuit will take care of small 
transmissions of heat. We should first try to reduce as much as 
possible the amount of heat transmitted in this way by making 
the insulation below the coils as effective as possible. If this is 
not taken care of and the heat transmission from one room to 
another is large, it is liable to cause more trouble in large apart¬ 
ments, hotels, and other similar buildings where radiant heat is 
provided, than any other factor associated with radiant heating, 
especially if bedrooms are so affected. In this particular example 
we have assumed good insulating material under the pipes and, 
consequently, the heat transmission is comparatively small, but 
if the insulation is neglected, the effect of heat transmission 
from one room to another can become very difficult to deal with 
after the system has been started and the building finished. 

In the event we wish to compensate for this added heat in the 
adjacent room, the first step is to ascertain the effect of this 
heat on the surface temperature of the adjacent ceiling. 

By Provost’s Theory of Heat Exchanges, heat is radiated from 
the surfaces of any number of bodies to those of other bodies 
within the same enclosure. Therefore, in an effort to equalize 
temperatures, the temperature of the ceiling must be raised 
above the MRT of the other surfaces if it is to dissipate the heat 
passing through from the floor coils above. It can be assumed, 
therefore, that the surface temperature of the ceiling will be 
higher than 72®F which is the MRT of the room in question. 
The actual method of calculating this elevation of temperature is 
of a very complex nature, but from the data compiled from a 
number of careful observations on installations where these con¬ 
ditions existed, it seems to be sufficiently accurate to assume 
the surface of the ceiling will be raised % degree above the 
MRT of the room for each Btu emitted per square foot of ceiling 
surface. In other words, we can assume in this case that the 
surface temperature of the ceiling is 72® -{- (2.24/2) = 73.12®. 
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If we were dealing with Room D in Fig. 131, this change in sur¬ 
face temperature will modify the figure used in Column C, 
although the actual change in the aspect of the problem in this 
case is comparatively small. 

For studying the effect on Room D, refer to the form shown 
in Fig. 154, a copy of Fig. 133, except that the ceiling surface 
temperature has been raised to 73.12‘^F. This increases the ceil¬ 
ing emission from 17,956 Btu to 18,352 Btu, but this has little 
effect on the MRT of the room. As regards the actual Btu gain, 
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Fig. 155. Section of wood floor with double floor boards. 


this total is obtained by multiplying the ceiling area by the Btu 
emitted per square foot, namely 2.24 X P®*" 

This will not affect the room seriously since it only represents 
5.6% of the total heat required, and may be neglected. 

If, on the other hand, it had been necessary to compensate for 
this extra heat passing into the room, we deduct this amount 
from the total Btu required and calculate the area and surface 
temperature of the panel accordingly. 

Problem 8: Double Wood Floor, Pipes 
in Air Space — Figs. 150 and 155 

If we have a floor similar to that shown in Fig. 150 but with 
a double layer of flooring, as shown in Fig. 155, then it will be 
necessary to raise the temperature in the air space above that 
calculated in Problem 8 to allow for the double layer of floor 

boards. , 

Assuming the under-floor is constructed of pine boards planed 
to a thickness of .68 inch with a conductivity of 1.00, and a top 
layer of finished oak boards also planed to a thickness of .68 me 
with a conductivity of 1.11, we have a conductance ofi 

1 

C =-- .775 Btu per sq. ft. per hr. per deg. 

.68 .68 

-j_- 

1.00 1,11 
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Consequently, the temperature of the air space will be 86 + 
(38 .776) = 134®F. Often the top floor boards are finished 

% inch thick only, but for the purpose of these calculations we 
are assuming that both layers are .68 inch thick. As with Prob¬ 
lem 8, the high air temperature required to obtain the necessary 
transmission of heat to the floor surface exists only at the higher 
level of the space above the pipe, and the temperature below this 
level will be several degrees lower. It is, however, safer to cal¬ 
culate for the highest temperature to insure sufficient pipe surface 
is supplied, and we proceed as for Problem 8. In this case, with 
two boards above the pipe we may use circulating water with a 
mean temperature of 175®F for maximum load. This gives us a 
temperature difference of (175° — 134°) ^ 41°F between the 
circulating water and the enclosure. 

Since we have raised the temperature of the enclosure from 
117° to 134°, the temperature difference will now be 64°F and 
the loss of heat downwards will be 2.24 x 6*^ -j- = 3-05 Btu 

per square foot approximately, making the total load 38 -}- 3.05 
= 41.05 Btu per square foot of floor area. On refenung to 
Fig. 153 we find that under these conditions % inch wrought iron 
pipe will give off 26 Btu per lineal foot per hour. Consequently, we 
need (41.05 -f- 26) = 1.58 lineal feet of % inch pipe per square 
foot of floor area, or 12 h- 1.58 = 7.6 inch centers. We can, of 
course, use 1 inch pipes, in which case we refer again to 
Fig. 153 .and find that a 1 inch pipe will give off 31.5 Btu per 
lineal foot per hour. Therefore, we need (41.05 31.5) = 1.30 

lineal feet of pipe per square foot of floor area, or on 12 h— 1.30 
s= 9^/4 inch centers. 

For the sake of convenience and easy reference, any number 
of typical varieties of wood floor constructions may be calculated 
on this basis and the factors tabulated so that the size and spac¬ 
ing of pipes may be determined with very little trouble. Data 
for some of the more commonly constructed types will be found 
in Chapter 16. 

Data on Heat Output and Input 
of Carpeted Floors 

Since carpets are often used on wood floors we may at this 
stage consider how a carpet will affect the conditions found in 
the problems we have just investigated. The effect of carpets 
varies considerably, depending on the thickness, nature of the 
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material used in the carpet, method of weaving, and presence or 
absence of felt or other fabric sheet under the carpet. 

Figs. 156 and 157 show some of the methods used when testing 
the heat transmission through samples of carpet. With carpets 
it is not possible to measure very accurately the heat emission 
by measuring the rays emitted, as is done with a flat smooth sur¬ 
face. It is, therefore, found helpful to use a test slab of known 
characteristics and test for relative performance, measuring 
the surface temperature and heat output of samples. A carpet 
will retard heat transmission from a wood or concrete floor, but 
not to the extent indicated by measuring the rays travelling at 
right angles to the plane of the carpet. 

By measuring the intensity of the radiation from a surface we 
learn its emissivity, but the heat given off by convection depends 
on other factors. With a carpet having an effective pile, the heat 
given off by convection is greater in proportion, and it is the 
total heat given off which really concerns the heating engineer. 



Fig. 156. Method of testing samples of carpet for 

surface temperatures. 
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Fig. 157. Method of testing samples of carpet for output. 


C'arpet receives its heat hy conduction from the lloor, which in 
turn warms the pile of the carpet .so that the heat rays are 
emitted in all directions. It is becau.se the heat from the pile is 
so diffu.sed, instead of beinp directional, that the .sen.sation of 
heat given off from a carpet is very soft and pleasant. We may 
.study this effect from the point of view of heat tran.smission and 
make calculations accordingly, but it is difficult to present any 
definite factor or factors which can be used with any degree of 
certainty for all types of carpets. 

Fig. 158 is of interest since it shows the relation between the 
.surface temperatures of the floor surface and the surface of the 
carpet when using broadloom carpeting which has a thickness of 
^8 inch from the back to the top of the pile. Curve A represents 
the floor surface temperature whore no carpet existed; Curve B 
gives the surface temperature of the broadloom carpet, and Curve 
C gives the temperature of the floor under the carpet. These 
readings were taken with different water temperatures to deter¬ 
mine the effect of the carpet under various temperature conditiona 

For solving problems, the conductivity of carpeting can be 
assumed as 0.28, and this figure will be employed in subsequent 
examples. 
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With a water temperature of 160®F, Fig. 147 shows for asphalt 
tile a temperature of 102®F, while Curve A for concrete in Fig. 
158 shows a temperature of 106°F, a difference of only 4®F. It 
was found, however, that the effectiveness of a covering is not 
represented entirely by the surface temperatures. With asphalt 
tiles or linoleum at 85°F the heat emission is 8 to 12% less than 
that from concrete at the same temperature; similarly, an 85®? 
carpeted surface has about a 5% less heat emission than a con¬ 
crete surface at 85®F. Testing the heat emission from carpets 
or other similar fabrics by the thermopile method is not as reli¬ 
able as with flat surfaces, because the heat rays travel in all di¬ 
rections. If a polished enclosure is formed above the carpet to 
collect the rays from a given area and make these directional, 
then the intensity of the rays will reveal a more accurate value of 
the emission of the carpet as compared with its actual effect in 
the room. 

However, it must be remembered that to obtain an 85® surface 
temperature on either the carpet or the tiles, it is necessary to 
raise the temperature of the circulating water, and this will 



Fig. 158. Surface temperatures of carpeted floor and bare floor. 
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mean a greater loss of heat passing downwards because of the 
higher pipe temperature. Carpets will require a higher water 
temperature than tiles and linoleum and, furthermore, the time 
required to bring the carpet up to the full temperature will be 
at least an hour longer than with asphalt tiles or linoleum. If 
felt is placed under the carpet a further reduction of heat will 
take place and a thick Oriental rug will retard the heat more than 
a thinner Wilton or Axminster carpet. 

Broadly speaking, it is reasonably safe to allow for a 25% to 
30% reduction of heat for scatter rugs over the area occupied, 
because in this case the floor temperature cannot be raised above 
the usual temperature for living rooms, but when a carpet covers 
the whole floor area, it may be desirable to boost the temperature 
of the wood floor so that the surface of the carpet is raised to 
85®. If this is done then the reduction in heat for the average 
carpet may be assumed as not more than 5% to 10% as compared 
with bare floor. To raise the temperature in any one room, how¬ 
ever, invariably presents a problem because it is difficult to raise 
the temperature of the water sufficiently to make the surface of 
a thick carpet 85®F if we have to keep other uncai'peted floors in 
the building at 85®F. 

Problem 9: Carpet on Wood Floor — Fig. 159 

Fig. 159 represents a floor construction similar to that in 
Fig. 150 but entirely carpeted. It is desired to maintain a floor 
(carpet) temperature of 85® with a total emission of 38 Btu per 
sq. ft. per hr., assuming a water temperature of 175®F. The 
carpet has a 3/16 inch base and 3/16 inch pile. 

The conductance of the combination is 

1 1 

1 .1875 .9 4- .67 

- [ - 

1,11 0.28 

Therefore the temperature of the under surface of the floor 
board and the air temperature in the space will be 

85 + (38 H- .63) = 85 4- 60 = 145®P 

The conductance of the combination below the pipe was found 
in Problem 7 to be .0476 Btu per sq. ft. per hr. per deg. difference. 
With the room below at 70®, the differential is 145 — 70 = 76®F, 
so that the heat transmitted downwards will be 


1 

-=.63 

1.67 
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Fig. 159. Section of wood floor construction with carpet, 


75 X -0476 = 3.57 Btu per sq. ft. 
and the total load will be 

38 + 3.57 = 41.57 Btu per sq. ft. 

Fig. 163 shows that for 1 inch pipe and a temperature differ¬ 
ential of 175 — 145 =: 30® the heat emission is 22.5 Btu per lineal 
foot of pipe. Consequently we need 41.57 22.6 = 1.84 lineal 

feet of pipe per square foot of floor area and the pipes must be 
spaced on 12 1.84 or 6.52 inch centers. See next problem. 

Since felt placed under a carpet will further reduce the flow 
of heat into the room, it is of interest to study the effect of this 
on the temperature differential. 

Problem 10: Carpeted Floor with 
Felt Base — Fig. 160 

Assume the construction as shown in Fig. 160 with oak boards 
1 inch thick with a conductivity of 1.11, a layer of felt H incb 
thick with a conductivity of 0.25, and a carpet with a 3/16 inch 
* base and 3/16 inch pile with a conductivity for the base of 0.28. 
The conductance of the combination may be taken as: 

1 

C =-- 0.483 

1 .125 .1875 

- 1 - 1 - 

1.11 0.25 0.28 
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Fig. 160. Section of typical flooring with carpet 

and layer of felt. 


Therefore, the temperature existing in the air space will be 
85® 4- (38 .483) = 85® 79® = 164®F. If the mean 

temperature of the water in the pipes is raised to 185®F, we have 
a temperature difference of only 185® — 164® = 21®F. Since 
under these conditions the emission from a 1 inch diameter 
wrought iron pipe, according to Fig. 153, will be 15.5 Btu per 
lineal foot, we shall require considerable pipe. 

Since the loss of heat downwards will be 2.24 x 94 -i- 47 = 
4.48 Btu per square foot, the total load will be 38 -j- 4.48 = 42.48 
Btu, so that we require 42.48 -f- 15.5 = 2.74 lineal feet of 1 inch 
pipe per square foot of floor area. This would make it necessary 
to place the 1 inch pipes on 12 2.74 = 4.4 inch centers, some¬ 

thing which is really impractical, and a mean temperature of 
185®F for the water is too high. 

The only possible solution if this type of floor is to be covered 
with rug and felt is to allow for a 25% to 30% reduction in heat 
from the floor, and meet the demands in the room by adding some 
ceiling heat or side wall panels. 

Problem 11: Warm Air Ducts under 
Concrete-Wood Floor Fig. 161 

Assuming we have a construction similar to Fig. 161 and we 
wish to maintain a floor surface temperature of 85®F, with a 
transmission of 38 Btu per square foot per hour, we proceed as 
follows: 
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Fig. 161. Section of floor with warm air ducts. 


The heat has to pass through 2 inches of concrete with a con¬ 
ductivity of 9, a thin layer of sand about H inch thick with a 
conductivity of 4, and teak boards finished at % inch thick with 
a conductivity of 0.96. Taking into account the velocity effect of 
the moving air on the underside of the floor, for which the author 
has found a factor of 0.2 gives reliable results, the conductance 
of this floor construction will be: 



.2 + .222 + .0625 + .781 1.265 


= .79 Btu per sq. ft. 
per hr. per deg. 


Consequently, the mean temperature of the air in the ducts 
should be 

85 + (38 -4- .79) = (85 + 48) ^ 133°F 
Since there will be a transmission of heat downwards, it will be 
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necessary to ascertain this quantity before we can determine the 
amount of air to pass through the ducts. 

Assuming we have a 3 inch concrete base with a conductivity 
of 9, 8 inches of broken stone with a conductivity of 4 supported 
on soil rolled hard before laying the broken stone, for which we 
use a factor of 6, the conductance is 

1 1 

3 8 .333 -1- 2 + 6 

- +- +6 

9 4 

Therefore, the heat passing downward can be figured as (133 — 
70) X *12 = 7.56 Btu per square foot. This gives 20% loss and is 
an excessive amount of waste. Usually, a thick layer of crushed 
cinder is placed below the broken stone to a depth of 6 to 8 inches, 
and this will help arrest the transmission of heat. A better 
method is to place hollow blocks or a layer of cork 2 Inches thick 
below the concrete, as shown in Fig. 162. With 2 inch cork pads 
having a conductivity of 0.25, the conductance of the floor with¬ 
out a cinder fill will be: 


1 

=-= .12 

8.333 



Fig. 162. Section of floor showing warm air ducts 

with layer of cork. 
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1 

C =- 

3 8 2 

1-1“ ® H- 

9 4 0.25 

transmission will be (133 — 70) X *0612 = 3.86 Btu per square 
foot of floor area, or 10% loss. 

Since the air has to supply (38 -j- 3.86) = 41.86 Btu per 
square foot of floor area, we have to consider the length of each 
duct and the total Btu to be given off. 

Since the duct is 18 inches wide with 4 inch sleeper walls on 
each side, the eifective area of the floor to be dealt with will be 
(18 -j- 4) =22 inches wide. Therefore, each duct has to carry 
an extra amount of heat to heat the floor over the sleepers. 

Assuming the width of the room is 50 feet, the effective floor 
area for each duct will be 50 x (22 12) = 91.6 square feet, 

approximately 92 square feet. This will have a total load of 
41.86 X 92 = 3850 Btu per hour, plus any extra heat lost by 
conduction to the side wall. 

Dry air at a temperature of 133°F requires .0161 Btu for 1®F 
change in temperature; therefore, since we have to supply 3850 
Btu per hour, we need 3850 (.0161 X 20°) = 12,000 cubic 

feet per hour, or 200 cubic feet per minute, allowing for a drop 
of 20° along the length of the duct. Since the velocity of the air 
in such a duct may be 300 feet per minute, the area of the duct 
will be (200 -h 300) X 144 = 96 square inches, or 18 X 
inches deep. We can, of course, raise the velocity to 400 feet per 
minute and form the ducts 18 inches X 4 inches deep. This will 
put a slight extra load on the fan which means an extra power 
consumption throughout the winter, but the advisability of in¬ 
creasing the velocity will depend on the total load for the system 
and how much will be saved in building costs to reduce the area 
of the ducts. 

For warm air ducts it will be found that the slate and marble 
covering for floors, as described in connection with Fig3. 48 and 
49 (Chapter 8), will give much better results than the concrete 
and teak boards. When testing the slate and white polished 
marble combination used at the Liverpool Cathedral, it was found 
that by covering the policed marble slabs with lampblack we 
could obtain the same heat transmission per square foot with 7 
difference between surface temperature and air temperature as 
with 11° differential when the marble was left white and pol- 


1 

-^ .0612, and the 

16.33 
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ished. Metal ducts or concrete alone Avill also give good results, 
but for hospitals it is necessary to have a floor construction suit¬ 
able for its purpose, and although it has already been done in 
several hospitals, warm air is not the most efficient method of 
warming a floor, unless it is possible to prevent the excessive loss 
downwards. It is, however, the ideal method for large churches, 
and cathedrals, because once installed it is durable for hundreds 
of years. 

Data on Heat Output and Input of 
Ceilings with Embedded Pipes 

In dealing with ceilings we are allowed a somewhat higher sur¬ 
face temperature than with floors and, consequently, a greater 
heat emission can be allowed for. Owing to the less massive con¬ 
struction of ceilings and the lesser thickness of plaster, it is 
necessary to use smaller pipes spaced closer together than is cus¬ 
tomary with floor heating. 

It is strongly recommended that continuous coils be used for 
ceilings, because grid type coils if not fabricated correctly, or if 
the circulation of water through all the pipes is not uniform, are 
more liable to buckle when heat is applied, and the comparatively 
thin plaster does not have sufficient tensile strength to resist 
movement as does the thicker and stronger concrete in floor 
constructions. 

Before proceeding to study the transmission of heat from ceil¬ 
ings, it will be of interest to study some actual surface tempera¬ 
tures recorded with pipes buried behind plaster. 

Fig. 163 illustrates a ceiling coil constructed with inch OD 
copper pipe spaced on 4Vi inch centers, covered with plaster % 
inch thick, with surface temperatures actually recorded when the 
mean temperature of the circulating water was 125®F and the air 
temperature at 68®F. It will be noted that under these condi¬ 
tions the average surface temperature directly above the pipes 
was IIS^F, and the average surface temperature taken between 
the pipes was 103®F. Fig. 164 gives the surface temperatures 
recorded on the same ceiling when the mean water temperature 
was 112®F. 

It should be pointed out that by measuring the actual heat out¬ 
put from such a panel surface, we find that calculations for out¬ 
put based on the average surface temperatures as recorded di¬ 
rectly opposite the pipes and temperatures taken between the pipes 
are not entirely reliable. The actual output is greater than such 
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Fig. 163. Surface temperature on 
plastered ceiling with '/^•inch 
copper pipes embedded. Water 
at 125®F, air at 68®F. 


Fig. 164. Surface temperature on 
plastered celling with J^-Inch 
copper pipes embedded. Water 
at 112“F, air at 68"F. 
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Fig. 165. Section through ceiling showing pipes embedded In 

concrete with plaster covering. 


calculations would reveal, and a more correct result is obtained 
if we take the average effective surface temperature to be closer 
to the temperature registered directly opposite the pipes. How¬ 
ever, since the error is comparatively small and tends to give an 
extra margin of heat in the rooms, it may be neglected. 

Problem 12: Pipes in Concrete-Plaster. 

Ceiling - Fig. 165 

We have selected Fig. 165 as a typical construction to study, 
but we will not use the usual methods of calculating the conduct¬ 
ance in this case because it is found from a large number of 
actual tests that when small pipes are embedded in concrete and 
covered with a layer of plaster about % or % inch thick, the 
actual heat transmission is greater than the results indicate when 
based on the usual method of calculations, using the accepted 
conductivity factors. It seems that the heat penetrates the plaster 
directly opposite the pipe at a much greater rate than can be 
accounted for by using the recognized conductivity factors, and 
to obtain calculated results in keeping with actual facts it seems 
more satisfactory to use a conductance factor of 5. This, of 
course, will depend on the plaster used and also on the thickness, 
but for the plaster usually used on this type of ceiling construc¬ 
tion, a factor of 5 gives reliable results. Since, according to 
Pig. 129, a ceiling with a surface temperature of 110®F will give 
off 68 Btu per square foot per hour, we find that the temperature 
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of the pipes to obtain this surface temperature and output should 
be: 110 -|- (68 ~ 5) = 123.5°F, giving a mean water tempera¬ 
ture of 125°F. 

Before we calculate the amount of pipe required, it is necessary 
to know the amount of heat transmitted upwards. 

Assume there is a similarly heated room above with a floor¬ 
ceiling construction between, as shown in Fig. 165; the con¬ 
ductance upwards is then: 

1 

C =- 

1 5.5 2 

.61 -1-^ - 

1.11 9 0.35 

= .127 Btu per sq. ft. per hr. per deg. 

Therefore, with a room above heated to 68®, the transmission 
upwards is (123.5 — 68) X -127 = 7.05 Btu per square foot. 
The total load is then 68 -f- 7.05 = 75.05 Btu per square foot of 
ceiling area. 

From Fig. 139, Curve C, we find that a inch wrought iron 
pipe embedded in concrete and plaster, with plaster % inch thick, 
will give off 9.4 Btu per square foot per hour per degree differ¬ 
ence between water and ceiling surface. Therefore, the amount 
of y 2 inch pipe we require per square foot of ceiling area will be 
75.05 [9.3 X (125 — 110) X -22] = 2.45 lineal feet. This 

will mean spacing the pipes on 12 -h 2.45 = 4.9 inch centers. We 
may be able to use % inch pipes, in which case the centers will 
be (4.9 X -275 .22) X *94 = 5.76 inches apart. 

We prefer, however, to use the smaller pipe if the coils are not 
too large. 

Problem 13: Metal Lath and Plaster 
Ceiling — Fig. 166 

Another type of ceiling construction which is used quite often 
is one with metal lath and plaster. A typical design is shown in 
Fig. 166. 

It is assumed that the plaster is carried above the pipes in 
sufficient quantity and thickness, usually about IV 2 inches, to in¬ 
sure an easy path for the heat to travel from the pipes to the 
whole surface area of the ceiling. It is also assumed that the 
thickness of the plaster below the pipes, including the metal lath, 
is no more than % inch. If the pipes are supported below the 


1 

7.83 



PIPE SIZE, SPACING AND HEAT INPUT 


267 


WOOD FLOOR SLAG WOOL PLASTER 



PIPE COILS COVERED WITH 
METAL LATH t PLASTER 


PLASTER 


Fig. 166. Section of ceiling using metal lath with plaster 

around pipes. 


■ metal lath, there is a greater risk of the plaster cracking and 
some darkening of the ceiling may take place. 

With this construction we may use a conductance factor of 
4.6 instead of a factor of 5, since in this case the heat has to 
travel through the expanded metal and the extra thickness of 
plaster due to the metal lath, so that if we wish to obtain a ceil¬ 
ing surface temperature of 110®F, and a transmission of 68 Btu 
per square foot, the temperature differential will be 68 h- 4.5 = 
15.1®F, or a total temperature of 125.1®. This will call for a mean 
water temperature of approximately 127®F. 

In regard to the heat travelling upwards, it is assumed that we 
have an average thickness of 10 inches of slag wool with no air 
space, iy 2 inches of sand and gypsum plaster with a conductivity 
of 4.5 above the pipes, and a wood floor consisting of 1 inch oak 
boards having a conductivity of 1.11. The conductance of the 
floor combination will be: 

1 

1.5 10 1 

.61 + -+ - + - 

4.5 0.35 1.11 

1 1 

-=-= .033 Btu per sq. ft. 

.61 -j- .333 -j- 28.67 -f- .9 30.413 per hr. per deg. 

Therefore, since the room will be at 68® F, the Btu transmis¬ 
sion will be (125.1 — 68) X -033 = 1-88 Btu per hour, or a 
loss of only 2.76%. 
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The total load will be 68 -}- 1.88 = 69.88 and from Curve C in 
Fig. 139 we find that a Vz inch diameter steel pipe embedded 
behind % inch plaster will give off 9.4 Btu per square foot of 
pipe, or (127 — 110) X 9*3 = 1-58 Btu per square foot of pipe. 
Consequently, we shall require 69.88 h- (1.58 X *22) ^ 2.01 
lineal feet of Vz inch pipe. In other words, the pipes should be 
placed on 5.96 inch centers, practically 6 inch centers. 

Wall Panels 

In a preceding chapter we have considered the various types 
of coils which may be used for radiant heat installations, but the 
the same method of calculating the pipe surface may be used, 
except that the emission from walls per square foot is more than 
for ceilings, as may be seen by reference to Fig. 129. 

When considering the advisability of using wall panels, it must 
be remembered that while vertical surfaces will give off an 
effective stream of rays in an empty room, or in large rooms 
where a number of vertical panels can be introduced, the results 
are not entirely satisfactory in a fully occupied hall or where the 



Fig. 167. Typical method of forming pipe colls for wall panels. 
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rays are screened by the introduction of furniture or fittings. 
Furthermore, the effect of vertical panels is to create a slow 
moving current of air which rises to the ceiling, drops to the 
floor at places where the walls or windows are cooler than the 
panels, and develops into a current of cool air moving over the 
floor area. A moving of air over the floor is one thing every 
heating engineer should try to avoid because, regardless of the 
other conditions in the room, if a current of air passes over the 
feet of occupants, cold feet will result and comfort will be 
forfeited. 

Vertical panels are very useful when placed correctly, especially 
to eliminate down-drafts from cool surfaces, and there are in¬ 
stances where we have no alternative, but indiscriminate use of 
wall panels in lieu of ceiling or floor panels is not recommended 
where comfort is essential. 

In the case of walls, it is possible to use grid type coils if 
desirable, as shown in Fig. 167. It is much easier to eliminate 
air from vertical grid coils than when horizontal, and the circu¬ 
lation down each pipe is more positive. 

In connection with wall panels we should study the effect of 
fabricated panels, as shown in Fig. 80, because these are useful 
where additional heat is required with only a comparatively small 
area available. They also are serviceable in factories and other 
places where higher water temperature or steam is being used. 
The average temperature of the surface depends on how well the 
pipe is spot-welded to the plate, and also upon the spacing of 
the pipes. 

Fig. 168 illustrates the surface temperatures recorded with a 
sheet metal panel with a inch pipe spot-welded to the back 
of the plate in the usual way. These temperatures were taken 
with stretcher steel plates. If the surface of the panel is smooth 
the surface temperatures will be higher, but the heat emission 
will be less. 

It will be noticed that the conduction of heat over the surface 
of the plate was good, showing a differential of 3® or 4® only. 

It will also be noted from the table given in Fig. 168 that as 
the mean temperature of the water was lowered, the differential 
temperature between the water and the surface became less. This 
is natural since the flow of heat by conduction could maintain the 
surface at a relatively higher temperature when the heat emission 
from the plate became less. 

With a cast iron plate, as illustrated in Fig. 75, the temperature 
between the heating medium and the surface of the plate is less 
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than with a fabricated plate, simply because the path of heat 
conduction is uninterrupted and the metal plate is thicker than 
with the stretcher steel. The advantage of the fabricated panel 
lies in the fact that it can be made to any size and shape to suit 
the location. 

Bending of Pipes and Fabrication of Coils 

In a preceding chapter we have considered the various types 
of coils which may be used for radiant heat installations, but the 
question of how close to bend the pipes often presents some 
doubts. The bending of pipes for radiant heat coils is a simple 
technique and can be easily dealt with by craftsmen familiar with 
this kind of work. 

The A.S.T.M. specification for bending of steel and wrought 
iron pipes reads somewhat as follows: “For 2" and smaller a 



Fig. 168. Surface temperatures obtained with fabricated 
metal panels at various water temperatures. 
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sufficient length of pipe shall stand being bent cold through 90° 
around a cylindrical mandrel, the diameter of which is 12 times 
the diameter of the pipe, without developing cracks at any por¬ 
tion and without opening the weld.” It is found, however, that 
good quality pipes may be bent on much closer centers than this 
specification, and the author has had no difficulty with coils 
formed to the following dimensions. Much, however, depends on 
the ability of the workmen and the quality of the pipe, and these 
dimensions should be considered as the minimum to be used with 
safety. 

Pipe size, 1 / 2 " center-to-center distance, ZW' 

Pipe size, center-to-center distance, 4" 

Pipe size, V' center-to-center distance, 6” 

Pipe size, 1^/4" center-to-center distance, S" 

Pipe size, IV 2 " center-to-center distance, 10" 

After fabrication the coils should be tested individually to a 
hydraulic pressure of not less than 300 pounds and held for 
several hours before passing for use. 



CHAPTER 14 

RADIANT COOLING 


It is not intended in this chapter to deal with all of the well- 
known phases of air conditioning, or to enter into all the calcula¬ 
tions of heat gains and psychrometry as usually adopted with our 
present methods of air conditioning. These are adequately cov¬ 
ered in the many publications already available on this impor¬ 
tant subject. On the positive side, the primary object of this 
chapter is to study the theory of radiant energy as applied to the 
art of air conditioning and to explain some of the progress made 
along this road of research. 

With radiant heating it has been well established that, provid¬ 
ing the average temperature of the exposed surfaces in a room 
can be raised sufficiently, comfort conditions can be attained in 
winter with an appreciably lower air temperature than is pos¬ 
sible with convected heat methods, and that a greater measure 
of comfort can be maintained with a smaller fuel consumption. 

By the same reasoning, it seems obvious that we should be 
able to save considerably on the cooling load if cold surfaces were 
provided in the room to take care of summer conditions by ab¬ 
sorbing the heat radiated from the body, instead of injecting a 
large volume of very cold air into a room as is customary with 
the present methods of air conditioning. 

The introduction of such a large volume of air into a room, 
necessary as it is to maintain a reasonable temperature differen¬ 
tial between that of the incoming air and the air in the room, 
presents a serious problem in avoiding drafts, and invariably 
these drafts do occur near the discharge grilles, especially when 
these have to be placed overhead. 

If the volume of incoming air is reduced, and the temperature 
differential of the circulating air is increased, difficulty is then 
experienced in getting the incoming cool air to mix sufficiently 
to create an even temperature throughout the room. If these 
latter conditions exist in a large room or auditorium, many 
persons are likely to feel excessively warm at times because they 
are located in pockets of stagnant air or screened from the cooler 
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air which cannot then reach all parts of the room, and the radi¬ 
ant energy from other occupants of the room makes local condi¬ 
tions almost intolerable. 

Furthermore, with convection methods of cooling a building 
for summer conditions, the temperature of the air has to be 
reduced considerably and, in this process, is brought to satura¬ 
tion point. Unfortunately, it is too often allowed to remain at 
almost saturation point, and at much too cold a temperature for 
human comfort, while the surfaces of the walls and other sur- 
soundings remain at relatively high temperatures. 

Since air conditioning is not common to all buildings, and since 
the average person wears less clothes in the summer, he or she 
is subjected to considerable change in temperature conditions 
in going from one building to another, and also when going from 
a building with a low air temperature to the outside and vice 
versa, without having any provision for protecting the body 
against these extreme conditions. The result is that many people 
contract colds in the summer because of their inability to with¬ 
stand these sudden low temperatures and often drafty conditions. 
It also causes nausea in certain cases if the person is subject to 
a low temperature for any length of time. The highly saturated 
air found in many air conditioned buildings not only causes the 
skin to become clammy, but it is also both objectionable to and 
unhealthful for many people. 

The rate at which evaporation from the moist skin will take 
place is dependent on the relative humidity of the air. Thus, at 
100% relative humidity, no evaporation will occur, so that a sys¬ 
tem maintaining a saturated condition is unhealthy. Too high a 
relative humidity produces also certain signs of discomfort, such 
as lassitude, caused by the inability of the skin to rid itself of 
moisture and heat. On the other hand, at 45% relative humidity, 
for instance, the evaporation will be fairly rapid. Very low rela¬ 
tive humidities with warm air during the heating season, such 
as we often find with many conventional systems, produce vari¬ 
ous physiological effects on the human body, such as a parch- 
ness of the throat, a drying of the mucous membranes, and a 
rapid cooling effect on the hands and face, especially in the pres¬ 
ence of air movement. 

It is common knowledge that the human body can become ac¬ 
customed to comparatively high temperatures in tropical climates 
if the relative humidity is low, whereas in cold climates the op¬ 
posite is the case. Air at low temperatures has a greater feeling 
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of coldness at high relative humidities than at low. The reason 
for this effect of the sensation of cold in low temperatures and 
of heat in hot weather, both being greatly accentuated in a 
humid atmosphere, is due to the changes which high humidity 
induces on the human skin. In a dry atmosphere the skin dries up 
and becomes harder and a better heat insulator. Conversely, a 
moist atmosphere will cause the skin to swell and open the pores, 
thereby making it more conductive and sensitive. These are 
effects which none of the known mechanical instruments will take 
into account but which, nevertheless, should be considered in 
providing comfort conditions. 

It is, of course, possible to heat or dry the air somewhat after 
cooling and thereby lower its relative humidity. This is done in 
well-designed systems with beneficial results. However, this 
method has the disadvantage of maintaining an internal sensible 
heat load because the air is warmed after it is once cooled. This 
loss may be reduced considerably by correctly designed equip¬ 
ment to utilize the heat absorbed in the process of cooling and 
which is customarily wasted but, even so, the method has disad¬ 
vantages which in many cases are serious. 

However, it is possible to produce comfort conditions in the 
summer-time by providing radiant cooling surfaces in the room 
to accentuate the radiation from the human body, and thereby 
make it possible to have relatively higher air temperatures. The 
author has designed a few fairly large installations operated on 
this principle, one of which will be described in this chapter. 

Comfort conditions provided with air temperatures not far 
below the outside temperature give less shock to the human sys¬ 
tem when people are going from a building conditioned in this 
way to the outside, or vice versa, than is the case when they are 
going from a building having vei-y low air temperatures. Many 
people cannot stand this shock without feeling the ill effects, and 
in some cases such extreme conditions cause sickness and con¬ 
siderably impair agility and adroitness. It is true that many 
people will recover from the effect of such a sudden change and 
establish normal feelings and pulse rate within ten to fifteen 
minutes. On the other hand, some persons are not so adaptable 
to extreme changes and will feel the effect of a very cold room 
for some considerable time after. 

In Chapter 3 the heat loss from the average person while in 
a sedentary position was taken as being approximately 410 Btu 
per hour, 190 Btu of which was assumed to be given off by radi- 
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ation, 110 Btu by convection, and 62 Btu by evaporation. These 
figures are based on the average conditions prevailing in a room 
where heat is provided to maintain conditions compatible with 
both comfort and health, the basis assumed being an MRT of 
72°F and an air temperature of 68®F, with an average overall 
surface temperature of the exposed parts of the human body and 
clothes of 81®F. However, in summer, when the outside air tem¬ 
perature is high, the conditions in the room are very different 
from this standard; so also is the surface temperature of the 

average person. Most people 
during the summer wear thinner and fewer clothes, so that a 
greater part of the body is exposed and, consequently, the aver¬ 
age surface temperature is higher than for the winter period. 
This average temperature is found to vary anywhere between 
85°F to 89®F, depending on the amount and nature of the clothes 
worn, temperature of the surrounding air surfaces, air motion, 
and a few other items which are more or less minor factors in 
their relation to the human body. 

Summer Heat Gains 

With radiant cooling the heat gains for the average building 
will be of the same order as for convection methods, but the co¬ 
efficients will be different and, of course, the air will not be cooled 
to such a low temperature, so that the normal load should be less. 
The heat gains may be summarized as follows: 

1. Heat transfer through walls, windows, floors, and ceilings; 

2. Effect of solar radiation through walls, glass and roof; 

3. Heat given off by occupants; 

4. Heat gained by infiltration of outside air; and 

5. Heat gained by lights, mechanical and electrical devices in 
the room. 

Because of the varying character and periods of the rays which 
are received by the sun, it is difficult under any set of conditions 
to calculate precisely the solar heat effect on a building. Heat 
gain from the sun is also affected by the condition of the atmos¬ 
phere, the geographical location, and the time lag of the build¬ 
ing. With massive stone work the time lag extends into hours. 

In fact, in large churches and similar massive buildings, the 
effect of the sun is difficult to detect and rarely felt, simply be¬ 
cause the time lag is of longer duration than the period of ithe 
sun's intensity. 
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Fig. 169. Recorded surface temperatures of celling with 
cold water circulating through panel colls. 
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The thermal capacity of a building has a very important bear¬ 
ing on the magnitude of the peak cooling load but so far it is 
impracticable and seemingly impossible to introduce any known 
factor into our calculations to compensate for its effect 

While it does affect the amount of heat transmission, the over- 
all heat transmission coefficient U is not a true measure of the 
time lag or thermal capacity. Therefore, it appears that the only 
safe method is to calculate for the worst conditions and use one’s 
judgment as to what allowance can be made for time lag accord¬ 
ing to the construction and locality of the building. 

As in the case of radiant heating, curtains and shades will re¬ 
duce the heat transmission through the windows, as will lime 
wash or paint on skylights and roofs. Any method adopted to 
increase the reflectiveness of the outside surface of the building 
will reduce the cooling load considerably. Insulation is impor¬ 
tant in this problem, as is the assurance that all doors and win¬ 
dows are fitted with weather stripping. 

The effect of air leakage is not quite so important with radiant 
cooling as with convection methods of cooling but, nevertheless. 

It IS much better to have a tight building and make provision 
to maintain a definite interchange of air at the fresh air inlet 
with the control dampers provided. 

In considering the cooling load it has to be remembered that 
when the sun is not shining, the heat gain in a room may be much 
less than the heat absorption by the cool panels provided, and 
before proceeding to calculate the heat gains, it will be of inter¬ 
est to study the characteristics of a typical cooling panel. 


Data on Heat Absorption 

Fig. 169 illustrates the surface temperatures recorded with 
pipes embedded in a concrete ceiling, with plaster covering % 
inch thick, when water at a temperature of is circulating 

through the embedded coils. The coils in this case were fabri¬ 
cated from Yz inch pipe spaced on 4V^ inch centers. Fig. 170 
illustrates the results obtained from the start of a test with floor 
and ceiling cooled to the average surface temperatures as shown 
in Curves B and C, respectively. Fig. 171 illustrates the amount 
of heat absorbed per square foot of floor and ceiling area, with 
surface temperatures of 70®F and 58®F, respectively, and an air 
temperature of 80®F. 

From these charts it will be noted that the absorbing power 
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Fig. 170. Average surface temperatures of floor and celling 
with cold water circulating through coils. 


of a ceiling with an average surface temperature of 58®F is 1.5 
Btu per square foot per hour per degree difference between sur¬ 
face temperature and air, and for a floor with an average surface 
temperature of 70®F, the absorbing power is 1.2 Btu per square 
foot per hour per degree temperature difference. 


Sample Calculations 

For the purpose of a case study, we will assume the conditiOT 
of the outside air to be 95® F dry bulb temperature and 85% 



Fifl. 171. Heat absorbed by panel In Btu per square 

foot per hour. 
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in R illustrated 

J k* 'S possible by cooling the floor and ceiling 

nf"anrj ‘he air to maintain a relative humidity 

af fot^s temperatures somewhat 


Ar«a and Loaatlon of Supfaoa Surface Temperature, •F Eml«lyhy 


384 Inner wall 
294 Outer wall 
240 Floor 
90 Glass 
240 Ceiling 


78 

0.94 

82 

0.94 

70 

0.91 

84 

0.90 

58 

0.92 


Btu Emisston Tabid 4 

135.6 

139.6 
123.3 
135.81 
114.1 


Calculating the MRT for this room in the same manner as 
adopted m Chapter 5, but using the surface temperatures given 
above, we obtain the following results: 


384 X 135.6 = 52,070 
294 X 139.6 = 41,042 
240 X 123.3 = 29,592 
90 X 135.81 == 12,223 
240 X 114.1 = 27,384 

ion”*"** 1®2,3H Btu per hour; 162,311 1248 = 

130.0 Btu per average square foot per hour. With an average 
emissivity of 0.93, the MRT will be 74° F. 

Assuming the mean surface temperature of the exposed part of 
u O ^ clothing to be 85<>F, and the average emissivity to 
DC 0.95, then, from Table 4, we can determine that the body will 
give off by radiation 144.75 Btu per square foot per hour to abso- 
Jute zero surroundings. If the MRT of the room is 74®F with 
an average emissivity of 0.93, then from Table 4 we find the 
emission will be 129.8 Btu per square foot per hour, leaving a 

Dalance of heat loss from the human body of (144.75 _ 129 . 75 ) 

= 16 Btu per square foot per hour. 

Since an average person has 15.5 square feet of surface exposed 
to radiation, the total emission loss by means of radiation is 
(16 X 16.6) =232.5 Btu per hour. With an ambient air tem¬ 
perature of 80® P, the heat given off by convection will be 
approximately .43 Btu per square foot per hour per degree differ¬ 
ence, or a total of (85® — 80®) X -43 x 19.5 = 41.92 Btu per 
hour. Since the total heat to be dissipated from the body by 
radiation, convection, and evaporation, if we assume the heat loss 
y respiration to be as before, is 362 Btu per hour, the balance 
to be given oS by evaporation will be 362 — (232.6 41.92) 


Inner wall 
Outer wall 
Floor 
Glass 
Ceiling 
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Fig. 172. Sample calculation sheet to be used when calculating 

heat gains and cooling load. 
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— 362 — 274.42 = 87.58 Btu per hour. This will easily be 
accomplished with air at 80°F and 40% relative humidity, with¬ 
out fear of the body losing too much salt during the process of 
giving off moisture, or without building up too high a skin 
temperature. Therefore, it can be safely assumed that if the MRT 
of a room can be reduced to 74®F, and the relative humidity 
reduced to 40%, a balance of heat exchanges and very comfortable 
conditions can be maintained with an air temperature of 80®F. 
Actually, it is found that with this room MRT and relative 
humidity comfort can be obtained with a somewhat higher air 
temperature. 

It is advisable not to reduce the surface temperature of the 
floor too low, because this may be found objectionable even in 
summer-time to those who are subject to rheumatism. From the 
author's experience, 70® has been found to be the lowest safe 
temperature for the floor, whereas the surface of the ceiling or 
walls may be reduced to within close limits of the dew point of air. 

Under actual operating conditions the author has found that 
moisture does not actually deposit on a plaster or rough concrete 
surface until the surface temperature is lower than the dew point 
of the air; this difference for plaster has been as much as 3® to 
5®F. This is no doubt due to the slight absorbing quality of the 
plaster and its clean surface. In other words, with a ceiling sur¬ 
face temperature of 58®F, it will be possible to have a relative 
humidity up to 45% without fear of moisture deposit. This will 
give us ample margin with the controls available, which will be 
described later. 

For the purpose of these calculations we will assume that the 
room E (Fig. 18, Chapter 5) which we are investigating is situ¬ 
ated in latitude 42 degrees North and that the extreme conditions 
exist when the sun is shining on the west wall. On this basis we 
will proceed to tabulate the heat gains and heat losses under these 
extreme conditions. 

The form shown in Fig. 172 gives the value of normal heat 
gains due to air temperatures, and also the heat gains due to 
solar radiation at one particular period of the day. There ap¬ 
pears to be a decided difference between the rate of transmission 
of heat through walls, etc., from the outside during summer-time 
as compared to the amount of heat transmitted from the inside 
in winter-time for the same air temperature difference. The 
chart shown in Fig. 174 gives the correction factor to be applied 
to V which the author prefers to use in these calculations. 
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This difference may be due to the surface conductance which 
will vary according to the attenuated condition of the outside air 
in hot weather, and the fact that a building is invariably radiat¬ 
ing heat to the upper stratosphere during hot weather even 
though the sun is shining or the ambient air is warmer than the 
building. 

Calculating on this basis, we have (as shown in Fig. 172) a 
normal load with four occupants of 4,507 Btu per hour, and a 
solar load of 11,085 Btu per hour. 

It is assumed that all surplus water vapor, including the mois¬ 
ture which permeates through walls, etc., from the outside, will 
be dealt with by the dehumidifier illustrated in Fig. 207, where 
a constant relative humidity for the building is maintained. 

With reference to the cooling effect of the floor and ceiling, 
we note from Fig. 171 that under the room conditions which we 
have determined to be our standard, viz.: 74®F MRT, air temper¬ 
ature 80®F, relative humidity 45%, the floor wiU absorb about 
1.2 Btu per square foot per hour per 'degree difference, and the 
ceiling 1.5 Btu per square foot per hour. Consequently, with the 
floor at 70®F and the ceiling at 58°F, the total cooling effect will 
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Fig. 173. Relation between MRT and air temperature of room. 
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be: 240 X 1-2 X 10® = 2,880 Btu per hour for the floor, and 
240 X 1*5 X 22® 7,920 Btu per hour for the ceiling, a total 

of 10,800 Btu per hour. 

This is insufficient to absorb the maximum heat gains which, 
including the solar effect, amount to 15,592 Btu per hour, but 
is too much to deal with the normal maximum load due to air 
temperature only, which is 4,507 Btu per hour. 

With a room exposed to the sun, the cooling load varies con¬ 
siderably throughout the day, and to maintain comfort conditions 
at all times some method of automatic control is essential. If the 
surfaces of the ceiling and floor were allowed to remain at the 
same low temperature when the sun is not shining, the room 
conditions would become too cold, unless a large amount of warm 
air from the outside was discharged into the room. This, how¬ 
ever, would add considerably to the cooling load, both for cooling 
the air and dehumidification. It appears, therefore, that the most 



Fig. 174. Reduction of overall factor U when cooling a building. 
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efficient way of control is to regulate the surface temperatures 
of the cooling panels and, to a certain extent, the room air tem¬ 
perature, so that a balance of conditions is obtained in a similar 
manner to that found so desirable for radiant heating. 

The chart shown in Fig. 173 represents the relation between 
the MRT and air temperature of a room, on a basis similar to 
that in the chart shown in Fig. 123, except that in the case of 
Fig. 173 it is assumed that the relative humidity will be main¬ 
tained at 45% by the dehumidifying unit shown in Fig. 207. 

By allowing the surfaces of the floor and ceiling to become 
warmer, we shall raise the MRT of the room and will, therefore, 
need a lower air temperature to balance the heat losses from the 
human body. To absorb 4,507 Btu only, the load required to meet 
the maximum differential between air temperature and MRT it 
can be assumed that the floor surface is allowed to take on the 
same temperature as the room and the ceiling temperature in¬ 
creased to 64®F. Under these conditions the air temperature of the 
I'oom will be increased, and so also will the surface of walls, win¬ 
dows, etc., until we reach a set of conditions somewhat as follows: 


Area, 

O A 

Surface 

Surf. 

Tamp,, 

EmtMivlty 

Btu 

Enlstlan. 

ToUl 

Btu 

I»<1« Ft« 


♦F. 


Tables 

Emltilen 

384 

Inner wall 

77 

0.94 

134.5 

51,648 

294 

Outer wall 

81 

0.94 

138.6 

40,748 

240 

Floor 

78 

0.91 

131.2 

31,488 

90 

Glass 

82 

0.90 

133.6 

12,028 

240 

Ceiling 

64 

0.92 

119.2 

28,608 


Total 1248 sq ft. 164,520 


164,520 -r- 1248 131.81 Btu per average square foot per hour 

With an average emissivity of 0.93, the MRT will be 75y2®F. 
According to the chart in Fig. 173, comfort conditions will be 
maintained with an MRT of 76®F and a room air temperature 
of 78i4r°F. Under these conditions the ceiling only will absorb 
heat from the room to the extent: 

240 X 1-5 X (7814° — 64°) = 240 X 1-5 X 14.26 

= 5,130 Btu per hour. 

From Fig. 172 we find that the heat gains without solar ac¬ 
tivity are 4,507 Btu per hour, but this was based on a room air 
temperature of 80°F. If the room air temperature is reduced 
to 78^ °F, as described, the heat gains will then be 4,607 X 
(95° — 7814°) -i- (96° — 80°) = 5033 Btu per hour. This 
leaves a balance of (5130 — 5033) = 97 Btu per hour only, 
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showing^ a very close approximation, and indicating that with a 
reliable room control sensitive to MRT and air temperature, it 
will be possible to maintain conditions which will be both healthy 
and comfortable under all conditions of outside weather, pro¬ 
viding the apparatus has sufficient power and flexibility to main¬ 
tain the correct internal conditions. 

To continue our study of the room in question, we find that 
when the full heat load, including solar effect, has to be dealt 
with, we have a deficit on the cooling power of (15,592 — 10,800) 
= 4,792 Btu per hour. This margin can be eliminated by re¬ 
ducing the surface temperature of the cooling panels, but, for 
reasons explained previously, it is found more advantageous to 
slightly cool the air under maximum load conditions by the in¬ 
troduction of a cooler at Z, shown in Fig. 204. 

This cooler is required only when the solar effect is at its 
maximum, because at other periods of the day, and also during 
the night, the surface temperatures of the panels can be regu¬ 
lated to meet the varying demands due to outside conditions. 

The method usually adopted for dealing with this I'egulation 
will be described later, but it should be noted here that as it be¬ 
comes necessary to cool the room air to absorb the full solar effect, 
we may find the room conditions represented by a point slightly 
higher up on the curve in Fig. 173. However, in this case the 
cooler air entering the room will absoi*b the surplus heat entering 
by solar effect and become warmed to a temperature of SO^F and 
thereabout. 

Methods of Application 

Having studied the theory of radiant cooling and its effect on 
a typical room, we can proceed to examine methods of applying 
this and also to study the instruments used to control the tem¬ 
perature conditions. 

A few years ago the author designed and installed a radiant 
heating and radiant cooling system in a cafeteria, from which 
some very valuable information was obtained. By means of a 
unit dehumidifier to dry the air and with circulating water in 
the coils at 45®F, it was possible with an outside air temperature 
of 90®F to cool the floor and ceiling surface down to a temper¬ 
ature of 65®F, obtaining an MRT of 78®F and a room air tem¬ 
perature of 82®F. There were no other means of cooling the air. 

In this case pipe coils were provided both in the floor and in 
the ceiling, as it was then intended to use the floor coils for 
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Pig. 175. Floor coils In cafeteria and klteheni 
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winter heating and the ceiling coils for summer cooling. How¬ 
ever, in making tests it was found an advantage to use both floor 
and ceiling for radiant cooling, since it was not possible to obtain 
a very low surface temperature on the ceiling. The system used 
in the cafeteria is of standard design but has one or two features 
which may be of special interest. 

Fig. 175 illustrates the layout of the coils which were em¬ 
bedded in the concrete floor, and it will be noted that these coils 
are constructed of % inch wrought iron pipe spaced on 10 inch 
centers. Fig. 176 shows a section through part of the floor, illus¬ 
trating how the coils are embedded in the concrete slab supported 
on a layer of crushed stones. A layer of concrete one inch thick 
was first poured on top of the broken stone, which formed a rigid 
base for supporting the pipe coils. 

Fig. 177 illustrates how the coils in the ceiling are installed, 
and Fig. 178 gives a part section of the ceiling showing the ceil¬ 
ing construction. These coils were fabricated with wrought iron 
pipe, and the ceiling was finished with rocklath on joists with 
a total plaster finish % inch thick. The coils were covered with 
plaster which extended the full width between the joists, and the 
plaster was reinforced with wire netting to prevent crumbling. 

Fig. 179 illustrates in outline the equipment used for heating 
and circulating the water, with the addition of a cooling unit for 
cooling the circulating water in the summer. The circulating 
system is an open one and a supply tank is installed at high level 
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(Pig. 179), so that the system is kept full of water at all 
times. This open tank provided an opportunity to add an anti¬ 
freeze mixture in the event that it was necessary to reduce the 
circulating medium to a temperature below 32®F, for summer 
cooling, or to prevent freezing in winter if the system had to be 
shut down for any length of time. 

A more comprehensive system has now been installed in a new 
block of offices adjacent to the cafeteria, with provision made not 
only to provide radiant heating and radiant cooling surfaces, but 
also to humidify or dehumidify the air as found desirable. It is 



Fig. 176. Diagrammatic section of ceiling showing coils 

supported between Joists. 
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hoped to obtain reliable data as to the effect of both radiant heat¬ 
ing with humidification in winter and radiant cooling with de¬ 
humidification in summer. Observations will be made from time 
to time as to the effect of these conditions on the staff occupying 
these offices while they continue with their usual routine, and 
dailj records of room temperatures, water circulating temper¬ 
atures, heating surface temperatures, etc., are being kept. 
Records of outside weather conditions are also being compiled, 
and since there is a very complete record available for several 
years of absenteeism and sickness when operating with a stand¬ 
ard steam heating system, it is hoped that records taken under 
the new conditions will present some interesting comparisons. 



Fig, 179. Heating and control equipment for floor 

and ceiling coils. 
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Fig. 180 illustrates a front view of the building which com¬ 
prises six offices and a large laboratory where considerable devel¬ 
opment work is being carried out in connection with radiant 
heating and other experimental projects, some of which were 
previously described. The total overall length of the build¬ 
ing is 100 feet and the width is 32 feet. The height of the rooms 
on the first floor, from floor to ceiling, is 14 feet, and the height 
of the rooms on the second floor is 11 feet. The walls throughout 
are constructed of brickwork 14 inches thick, studded and plas¬ 
tered on the inside for the second floor only. Windows through¬ 
out are single glazed, but storm windows are provided for the 
purpose of making comparative tests on efficiency and comfort, 
both in winter heating and summer cooling. Pipe coils are pro¬ 
vided for both floors and ceilings, and provision has been made 
so that either or both may be used for heating in the winter and 
cooling in the summer. 



Fig. 180. Outside view of new office building equipped for 
radiant cooiing and radiant heating. 








Fig 181. Layout of ceiling coils for second floor of office. 
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Fig. 182. Layout of ceiling coils for first floor of office building. 
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SKYLIGHT 



Fig. 183. Section through skylight showing embedded colls 
on side to prevent downdraft from glass. 

In summer, the surface of the ceiling will be cooled to^ the 
lowest possible temperature compatible with the relative humidity 
in the rooms, and also in accordance with the requirements to 
produce comfort conditions. The lowest surface temperature 
obtained for the ceiling in the cafeteria, with an outside air 
temperature of 90° F, was 65°F, but in the new offices more 
ceiling coil has been provided per square foot, so that a much 
lower surface temperature is obtainable. 

As regards the floor, it has already been stated that 70°F has 
been found to be the safe low limit for elderly people, unless they 
wear wool-lined shoes to prevent too rapid a transmission of heat 
by conduction from the feet to the floor. Since these observations 
were made with concrete floors, extended tests will be made on the 
wood floor of the offices to ascertain if cooler floor surfaces are 
compatible with health and comfort. It has to be realized, how¬ 
ever, that in making such experiments, it is necessary to car^ 
out many of these tests over an extended time to ascertain the 

effect on the general health of the occupants. 

Figs. 181 and 182 illustrate the layout of the ceiling coils as 
designed for the first and second floors; it will be noted in Fig. 181 
additional coils are shown in the center of the offices to take care 
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of the extra exposure losses due to the skylight. The extra coils 
used for protecting the offices against the cooling effect of the 
skylight exposure are actually installed in a vertical position, as 
can be seen from Fig. 183. These pipe coils are made of % inch 
wrought iron pipe on 4 inch centers and are embedded in plaster 
in a similar manner to the ceiling coils. It will also be noted 
that a ridge has been fonned on each side of the skylight area 
at R for supporting glazed panels to protect against too much 
heat loss through the skylight in winter and too much heat trans¬ 
mission from the sun in summer-time. The glass used for the 
skylight is specially prepared to prevent sun glare, but with single 
glazing the heat transmission, is rather large. 

Fig. 184 shows a picture of these coils supported against ver¬ 
tical studs, with the ceiling coils in the lower part of the picture. 



Fig. 184. Celling and skylight coils Jn position before plastering. 
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Fig. 185 shows one of these same coils connected to the circulating 
main, with a velocity control fitting inserted at X for controlling 
the flow of heating medium through the circuits. 

The layout of the ceiling coils for the second floor, as indicated 
in Fig. 181, is constructed with V 2 inch diameter pipes, some 
wrought iron and some steel, and the pipes are spaced 9 inches 
apart, except where otherwise indicated. In the return pipe of 
each coil a velocity control fitting is installed, as indicated at X, 
this being the type illustrated in Fig. 99. Owing to the extra long 
circulating mains, it will be noted that expansion loops are in¬ 
serted to take care of undue expansion. With long circulating 
mains it is always advisable to anchor the pipes at points where 
risers are connected and to allow the expansion to take place at 
special loops which should be provided at convenient places. 



Fig. 185. .Skylight coils. 
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PANEL 

DATA 



COIL 

LETTER 

PIPE 

SIZE 

LENGTH 

OF COIL 

NO. OF 

PIPES 

PIPE 

CENTERS 

TOTAL 

LG NOTH or 
PIPE IN 
PANEL 

A 

1 

2. 

1 

e'-o" 

II 

7" 

105' 

B 

\" 

2 

7'- 0“ 

9 

5" 

65' 

C 

l" 

2 

5'-0" 

7 

5" 

38 ' 


•i 





D 

1 

2 

o 

1 

21 

4" 

ISO' 


Fig. 186. Typical method of tabulating panel colls. 


In designing large radiant heat or radiant cooling systems, it 
is customary first to calculate the coil surface and then to mark 
on the plans the various coils in convenient sizes, with the circuit 
pipes connected. To simplify the instructions when ordering coils 
for the job, each coil is then numbered and tabulated, as indicated 
in the schedule. Fig. 186. 

Fig. 187 shows the layout of the coils as installed in the floor 
of the second floor, and Fig. 188 illustrates the layout of the coils 
embedded in the floor off the first floor. 

It will be noted that the floor coils for the two offices on the 
east side of the building have the pipes spaced only 6 inches apart 
instead of 9 inches, as is the case with the coils for the other 
offices. This extra pipe surface is to take care of the additional 
exposure due to an open driveway below these two offices. 

Owing to the probability of having extreme limits of tempera¬ 
tures in the coils during tests for both heating and cooling, it 
was felt expedient to give more freedom of expansion than is 
customary for embedded pipes when used for heating only. Con¬ 
sequently, the ‘pipe coils for the first floor are embedded in sand, 
as illustrated in Fig. 189. This shows a section of the floor where, 
it will be noted, a layer of broken stone was first laid on the earth, 
after which a layer of concrete, 2 inches thick, was poured. The 
pipe coils were then placed on the concrete and after they were 
properly graded and tested in the usual way, as previously 
described, clean black sand was filled in to a depth of 2 inches. 
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Fig. 187. Layout of floor coils for second floor of office block. 
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"X" 



Fig. 189. Part section of fioor in drafting room showing 

pipes embedded in sand. 


The process of filling in the sand is shown in Fig. 190 and 
Fig. 191. It will be noted that, here again, expansion loops were 
provided to prevent too much movement in the long circuit mains. 
Concrete to a depth of 4 inches was then poured on top of the 
sand, as illustrated in Fig. 189. A space of % inch was left 
between the concrete slab and the walls, as indicated at X, to 
allow room for the concrete to expand and contract, and also to 
arrest heat conduction between the floor slab and the outside 
walls. In this case the space was filled with celotex, but any in¬ 
sulating or other similar compressible material may be used for 
this purpose. 

Fig. 192 is a section showing the construction of the floor ^d 
ceiling between the floors, indicating the separate coils for ceiling 
and floor, respectively. The coils used for the purpose of heating 
and cooling the ceiling were constructed of V 2 inch pipe spaced 
9 inches apart. The ceiling construction was made up with rock- 
lath on joists with a total plaster finish % inch thick. With this 
type of ceiling construction it is not essential to add the scrim 
to the finishing layer of plaster, as described for radiant heating. 
The coils were fastened to the joists with clips and carefully 
leveled and tested before adding the rocklath. After the ceiling 
coils were securely fastened to the joists, wood battens having a 
thickness equal to the outside diameter of the pipes were nailed 
to the joists for the purpose of supporting the rocklath as closely 
as possible to the pipe coils, and Fig. 193 shows the sheets o 
rocklath being nailed to the battens. After the rocklath was 
installed, the pipes were then well covered on top with plaster 
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Fig. 192. Partial section between floor and ceiling—showing 
floor coils for second floor and ceiling coils for first floor. 



Fig. 193. Method of nailing roeklath to Joists below colls 
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Fig. 194. Floor coils supported on Joists for second floor. 


which extended the full distance between the joists. This plaster 
covering was reinforced with wire mesh to prevent crumbling, 
and also to help conduct the heat and give a more even tem¬ 
perature. After this, the ceiling plaster was added in the usual 
way without using any reinforcement or scrim. 

If plaster is not added to cover the pipes in this way, the sur¬ 
face temperature of the ceiling will be very uneven, since the heat 
will be concentrated near the pipes. Furthermore, if the pipes 
are not covered they will be less efficient and the results in the 
heating of the room disappointing. After the plaster around the 
pipes was set, the spaces between the joists were filled with rock¬ 
wool to a thickness of 10 inches, or the full depth of the joists. 

The coils for heating the floor of the second floor are supported 
on top of the joists, as indicated in Fig. 192 and also in Fig. 194. 
After the pipe coils were leveled and te.sted hydraulically, wood 
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battens were nailed to the joists for supporting the oak floor 
boards. Fig. 195 shows these battens and also the rockwool filling 
between the main joists of floor, while Fig. 196 shows the oak 
floor boards being nailed to the battens. 

It will be noted in Fig. 196 that the oak floor toards were 
spread over the whole floor area before being nailed down. These 
boards were kiln dried to contain only 5% moisture content 
before being delivered to the site, and then they were spread over 
the whole area above the pipe coils with heat on night and day 
for over a week to complete the drying process before they were 
used. If floor boards are treated in this way, there is practically 
no fear of shrinking or warping afterward. 

It may be of interest to note that since the building was com¬ 
pleted, the temperature of the heating medium has purposely 
been raised several times to over 180®F, and for quite lengthy 



Fig. 195. Floor coils with 10 inches of rockwool insulation 

between Joi8ts« 
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periods on each occasion, without any sign of wood shrinking 
or warping, or of plaster cracking. 

Controls for Radiant Cooling 

Fig. 197 illustrates diagrammatically the equipment used for 
heating and controlling the temperature of the heating medium. 
The two steam boilers shown in this illustration provide low 
pressure steam for heating the main factory, and the heat ex¬ 
changer H is used for heating the water which is circulated to 
the new building for the pipe coils. The heater H is installed 
below the natural water line in the steam boilers and the primary 
water is circulated from the steam boilers through the heat 
exchanger with the aid of the pump P. The regulator P. which is 
a throttling type thermostat, controls the temperature of the 



Fig. 196. Method of drying oak floor boards before 

nailing to Joists. 
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Fig. 197. Outline of equipment Installed for heating 

of office building. 
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Fig. 198. Outline of air ducts installed in duplicate to all 
rooms to supply dry air in summer and moist air in winter. 


water leaving the heat exchanger and keeps this at a constant 
temperature. The water flowing along the pipe A enters the 
weather-controlled valve B at connection 1, while a portion of the 
water returning from the heating system by the circulator B 
enters the valve at connection 2, and the other part of the return 
water passes back to the heat exchanger H. 

The function of the weather-controlled valve B is fully ex¬ 
plained in Chapter 11 where it will be noted thai the blended 
water first passes over an internal thermostat and then leaves the 
valve B at the connection S. From connection S the water passes 
up the pipe G into the distribution and air eliminator header 
F which is installed in a well-insulated penthouse above the roof 
of the offices. 

The purpose of the enlarged double header is to provide means 
to isolate all the circuit connections and also to eliminate any 
air which might be carried along with the water. It will be noted 
that both the flow and return headers are divided, so that one 
set, is for the floor coils and the other set for the ceiling coils. 
Above the distribution header is installed an expansion and 
supply tank /. This tank is fitted with an automatic buoy valve 
at low level, so that the system is kept full of water at all times. 
Sufficient space is allowed in the tank above the natural water 
line to take up any expansion of the water which will occur under 
the maximum temperature conditions. An overflow pipe is fitted 
at K to function only in cases of emergency and a bypass with 
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a manually operated supply valve is fitted to the tank to fill 
the system quickly when needed. The circuit from the header 
is divided into two parts so that it is possible to operate the 
ceiling coils in summer at a different temperature to the floor 
coils. This is essential, since at times the circulation to the floor 
coils will be stopped entirely. This will be explained later. 

For circulating the air through the various offices to humidify 
the air in winter and dehumidify it in summer, a system of metal 
ducts has been installed, as illustrated in Fig. 198. Two sets of 
ducts are connected to each room and each duct connection is 
fitted with top and bottom hand-controlled grilles. The object of 
having top and bottom grilles to each set of ducts is to 
facilitate research so as to determine whether bottom 
or top inlet will give best results without draft for summer 
dehumidification, or vice versa, when humidifying the air for 
winter use. Fig. 199 shows the connecting ducts to the various 



Fig. 199. Overhead ducts in laboratory. 






Fig. 201. One corner of general office. 




VsT 



Fig. 203. Partial view of general office. 
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rooms from the main circulating ducts installed overhead in the 
laboratory, and Fig. 200 is a view of one of the offices showing 
one set of top and bottom grilles at X and Y. With no floor space 
occupied by radiators, furniture and fixtures may be arranged to 
give the best appearance and the greatest efficiency. 

Figs. 201, 202, and 203 are views of the general office, also 
showing that every advantage may be taken of the floor and 
wall spaces. 

The cooling equipment is situated in one corner of the develop¬ 
ment room, as indicated in Fig. 198. In Fig. 204 the layout of 
the equipment is diagrammatically illustrated with fresh air 
from outside entering at A and the return air entering at B. 
Adjustable louvers are fitted to each inlet so that the proportion 
of fresh air can be adjusted at will. 

For winter operation, when humidification is necessary, the 
damper C is moved to the position Z), so that the air is conveyed 
through an atomization chamber E, where it absorbs the neces¬ 
sary moisture to maintain the air in the rooms at the required 
humidityThe pump P (see Pig. 205) circulates the water from 
a reservoir R situated at the bottom of the atomization chamber, 
through the heater H to the atomization nozzles N. The purpose 
of the heater H is to warm the humidifying water before atomiza¬ 
tion takes place, and the temperature of the water, being auto¬ 
matically controlled, regulates the extent of the relative humidity. 
This regulation is effected by the thermostat T which has one 
bulb in the circulating water at S and a wet bulb situated in the 
air duct at W. The combined effect of these two bulbs controls 
the steam valve V and maintains the correct temperature for the 
atomization water. If the relative humidity of the air passing 
along the main duct is low, the temperature of the wet bulb will 
also be low and this will allow the thermostat T to pass more 
steam to the heater H and thereby raise the temperature of the 
water going to the atomizers. If, on the other hand, the relative 
humidity is high, then the wet bulb depression will be less, so 
that, actually, the bulb W will be at a higher temperature. This 
will partially close the valve V to reduce the temperature of the 
water leaving the heater H. Since the air passing along the main 
duct is maintained at a constant dry bulb temperature by the 
functioning of the thermostat G which controls the steam to the 
preheating coil shown in Fig. 204, any change in the relative 
humidity of the air will, through the function of the bulb IF, raise 
or lower the temperature of the atomization water in relation to 
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the dry bulb temperature, and thereby maintain a constant 
relative humidity. As a limit control, a humidistat is placed in 
the general office, and this is set to stop the circulating pump P 
when the relative humidity in the offices reaches 50%. 

It would be possible to dry the air in summer by cooling the 
air and at the same time extract some of its moisture content, 
but this would necessitate warming the air again, and both cooling 
and reheating are expensive operations. Therefore, for summer 
use the damper C is moved to the position X so that all air is 
diverted along the duct Y and made to pass through a drying 



Fig. 206. Humidifying equipment for winter use. 
















314 


RADIANT COOLING 



Fig. 206. Method of drying air and activating the ailica-gel. 


unit. The drying unit is indicated at U. Experiments will be 
conducted to test the efficacy of different drying methods and 
their effect on comfort and health conditions for the human body. 

Dehumidilying Equipment 

One method is that in which silica-gel is used as a dehydrating 
agent with a continual process diagrammatically illustrated in 
Pig. 206. Silica-gel is a granulated substance capable of absorb¬ 
ing moisture from the air and then giving off that moisture if 
heated to a temperature of about 300®F. Therefore, by a process 
of heating and cooling, this material can be used to abstract 
moisture from the air without materially changing the tempera¬ 
ture of the air. However, when water vapor is absorbed by the 
silica-gel, heat is liberated equivalent to the latent heat of 
evaporation, plus an additional amount of heat known as the heat 
of wetting. It is computed that silica-gel will absorb approx¬ 
imately 60% of its weight of water from saturated air, so that 
the quantity of the material required for an ordinary size build¬ 
ing is not excessive. 

The process of interchanges is very interesting, but this is 
outside the scope of this chapter. However, the diagrammatic 
sketch shown in Fig. 206 will illustrate the usual process of 
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absorption and dehydrating. The air to be dehydrated enters at 
the right (wet air inlet) and is made to pass through the silica-gel 
into the drum supported by rollers S. While passing through the 
silica-gel, the air gives up part of its moisture content, and dry 
air passes into the fan D and is conveyed to the various rooms. 

The cage containing the silica-gel is made to revolve so that 
as the silica-gel absorbs moisture, it is moved into the chamber 
to the left of the drum (the space where the words “heated air" 
appear) where hot air is forced through the cage. When the 
temperature of the silica-gel is raised its moisture is given up 
and the dry silica-gel moves on to again absorb moisture from 
the air. 

It is an advantage to cool the silica-gel after it has been 
heated, since the cooler material is more efficacious in absorbing 
the moisture from the incoming moist air than that at a higher 
temperature. This can be accomplished by forcing cool air 
through the silica-gel, as indicated at the lower left center in 
Fig. 206. 

One advantage with silica-gel is that it is possible to observe 
its condition by virtue of its color. By impregnating silica-gel 



Fig. 207. Air drying unit using silica-gel. 
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Fig. 208. Automatic control to prevent temperature of surfaces 
falling below dew point of air in room. 


with a cobalt chloride solution, we get a deep blue color when 
the gel is freshly activated, but as it absorbs moisture it passes 
through a series of changes in color until it reaches a pink when 
fully saturated. The shade of color somewhat approximates the 
percentage of moisture content. The complete dehumidifying 
unit is shown in Fig. 207 with the main features of the equips 
ment indicated. 

For the purpose of controlling the relative humidity of the air 
leaving the dehydrating unit, a hydrostat is placed in the duct 
at O (see Fig. 206). This controls the temperature of the air 
leaving the heater. As the temperature of the air leaving the 
heater is reduced, less moisture is abstracted from the silica- 
gel. Consequently, less moisture will be absorbed from the air as 
it is circulated through the unit to the various rooms. 

To insure that conditions do not exist in the building where 
moisture can be deposited on the cold panel surfaces, it is ino¬ 
perative to control the temperature of the panel surface in 
relation to the humidity conditions of the air in the room. 
Fig. 208 illustrates a type of control designed for this purpose, 
and Fig. 209 shows diagrammatically the arrangement of cooler 
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and control for regulating the temperature of the circulating 
water going to the cooling panels. 

In Fig. 209, cold water is circulated through the floor and 
ceiling cooling coils by means of the pumps and E^, respec¬ 
tively, and the return water is returned to the pumps via the 
pipes F and G. The discharge pipe from each pump is branched 
so that the water may pass through the cooler M or bypassed 
through the pipes N, or N^. 

A three-way throttling type control valve is similar to the 
control illustrated in Fig. 108, and constructed to operate in a 
similar manner; that is, to reduce the temperature of the cir- 
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Fig. 209. Controlling equipment to maintain cooling surfaces 
and air temperature at comfort conditions according to 

outside temperature. 
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culating water as the outside air temperature is increased, is 
fitted at Of and 0^ respectively, with one bulb of each installed 
on the outside of the building at P. This bulb is for the purpose 
as described for heating. The second bulb Q, and Qg of each 
instrument is placed in the air circulating duct, as indicated. 

The function of these controls is to blend the return water 
from the floor and ceiling coils, respectively, with cold water from 
the cooler M, so that the temperature of the water in the coils 
will be in relation to the outside air and the temperature of the 
air circulating through the rooms. 

The instrument controlling the temperature of the water cir¬ 
culating to the ceiling coils is calibrated to give a minimum 
ceiling surface temperature of 58®P, and the instrument con¬ 
trolling the temperature of the water circulating to the floor coils 
is set to give a minimum temperature of 70®F. 

As a final limit and safety control, the instrument illustrated 
in Fig. 208 is installed with both the dry bulb A and the wet 
bulb C placed in the air circulating duct, as shown in Fig. 209. 
The function of this control is to insure that the circulating 
water never reaches too low a temperature in relation to the dew 
point of the air in the rooms. Referring to Fig. 208, we see that 
all three bulbs operate by liquid expansion, so that if the tem¬ 
perature of either bulb is increased, the liquid content expands 
and pushes out the stems X, Y, and Z. 

The bulbs A and C are installed in the main air duct, and the 
bulb B is inserted in the blended cooling water circuit pipe S, 
as shown in Fig. 209. Assuming that the temperature of the dry 
bulb A remains constant, and the temperature depression of the 
wet bulb C becomes less due to the extra moisture in the air, 
then the stem X and fulcrum pin F of bulb A will remain station¬ 
ary. Due to the higher temperature of bulb C, however, the 
stem Z will be pushed outward, and this will push the link D 
downwards, causing it to turn on fulcrum pin F. This movement 
is transmitted to link G which in turn will cause the stem H to 
recede and open the switch S, thereby closing the solenoid valve 
V and shutting off the cold water supply to the blender valve 0. 
This insures that the water circulating through the panels does 
not become too cold relative to the humidity of the room air 
which is circulating through the ducts. 

If the circulating water in pipe S flowing to the panel coils 
becomes too warm, then the bulb B is increased in temperature 
and its contents expands and pushes out the stem Y. The upward 
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movement of the stem Y causes link G to turn on the fulcrum 
pin L. This pushes the stem H upward and again closes the 
switch S. The valve V is thereby opened and allows cold water 
to enter the blender valve O. 

The calibration and setting of the three thermostats enables a 
definite relation between cooling water temperature and wet 
bulb depression to be maintained. Any slight adjustment to the 
instrument can be made by turning the milled knob J. 

According to the form in Fig. 172, we find that the total heat 
gain of the room in question is 15,592 Btu per hour, and the 
solar effect included in this is 11,085 Btu per hour, with 4,507 
Btu per hour due to air temperature differences. Therefore, since 
the ceiling alone will deal with 7,920 Btu per hour, it will be safe 
to use an instrument on the outside which will start and stop 
the pump depending on whether or not the sun is shining. 

This instrument may be similar to that shown in Fig. 113, 
except that the switch is made to close the electric circuit when 
the sun’s rays impinge on the blackened surface of the sphere. 

If it is felt desirable to install a sensitive comfortstat to each 
room, then it will be possible to use a similar instrument to the 



Fig. 210. Method of using lithium chloride for drying 

and humidifying air. 
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above, or one similar to that shown in Fig. 115, and connect this 
to a solenoid valve inserted in the circuit of the ceiling coils. The 
function of this is to stop the cold water circulation to the ceiling 
coils if the room air temperature should become too cold, or the 
MRT get too low for human comfort. 

As an alternative to the use of silica-gel for drying the air, 
there is another very efficient process in which lithium chloride is 
used as a humidifying and dehydrating agent. The activity of 
this solution depends on its temperature and density, so that by 
control of the temperature of the liquid, its density is regulated 
and, thereby, its activity as a humidifying or dehydrating reagent 
is assured. Fig. 210 illustrates diagrammatically this process for 
both humidifying and dehydrating the air, with suitable controls 
for maintaining the required humidity. 

Air from the various rooms enters the unit at A, where it first 
passes through a filter before coming in contact with the strong 
solution as it passes over the contactor cells in B. The air may 
afterwards be cooled slightly when passing over the cooling coils 
at C before it is carried through to the main duct leading to the 
various rooms. Any cooling of the air at C will depend on the 
temperature conditions in the rooms. If sufficient cooling is not 
effected by the cold ceiling and floors, some cooling of the air 
will take place at C. 

The function of the unit is somewhat as follows: 

Heater M is supplied with steam, and as the solution is passed 
through the heater, its temperature is raised to a predetermined 
point so that it will give up part of its water content when coming 
in contact with air in the unit Z). The pump B circulates the 
solution from the sump F so that one portion is carried through 
the heater M to be heated and dehydrated, and the other portion 
is passed through a cooler G and thence to the contactor cells 
in B. The fan ff is used to pass air over the hot solution in D 
and to collect the moisture from that solution, thereby retaining 
the correct conditions for abstracting moisture from the air in 
unit B. 

It will be noted that in connection with the equipment which 
is being provided for testing radiant cooling on a large scale, 
and shown in Fig. 204, it is intended to experiment with bac¬ 
tericidal rays for destroying germs in the hope of removing one 
serious disadvantage of circulating air from a large number of 
occupied rooms. 



CHAPTER 15 


SNOW MELTING BY EMBEDDED PIPES 

The melting of snow as it falls on a roadway, footpath, drive- , 
way, or on the runways of an airport has now proved to be not 
only feasible, but also easy to accomplish and promises to be the 
most efficient and least costly method of removing snow. It has 
been applied at various times on a small scale but, until recently, 
has not received serious consideration. 

Test Data on Footpath Application 

One such system, designed and installed by the author several 
years ago, may be used as an example to study its possibilities, 
since a number of tests have been made under various outside 
weather conditions. This particular layout is illustrated in 
Fig. 211 where, it will be noted, 1% inch wrought iron pipes are 
embedded under a fairly long footpath, used by the employees to 
travel between the main factory and a cafeteria. The pipes were 
installed under concrete slabs and the system was installed so 
that records could be taken of heat load, surface temperatures, 
melting power, and so forth. 

Steam at 20 to 30 lb. pressure was used first as the heating 
medium, but during the first winter trouble developed which 
indicated that steam was not entirely satisfactory. Owing to 
some necessary changes in the steam plant in the factory, steam 
had to be shut off for a short time during a spell of very cold 
weather, and this shut-down allowed the embedded pipes to cool 
below freezing temperature, with the result that when the plant 
started up again, ice was formed inside the pipes. This blocked 
the system and caused a fractured pipe. Realizing that this may 
occur with any outdoor steam system, it was decided that for any 
snow melting system it is safer to use hot water to which an 
anti'freeze is added as a heating medium. This was put into 
practice, has proved most satisfactory, and has resulted in a 
saving of fuel, since the temperature of the heating medium can 
be lowered when snow is not immediately predicted and the heat 
loss thereby reduced. 
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Fig. 211. Footpath with heating coils below. 
(For Section “A -A," sec Fig. 212) 


In Fig. 211 the dotted lines indicate the position of the pipes 
under the concrete slabs, and in Fig. 212 a cross-section of the 
footpath shows how the pipes are laid on broken stone below the 
concrete. In this case, the concrete was not allowed to surround 
or adhere to the pipes, as is recommended for indoor radiant 
heating; because the pipes were exceptionally long it was neces¬ 
sary to allow for free expansion. This is especially true since it 
is necessary during a heavy fall of snow to raise the temperature 
of the water fairly high. With the pipes resting on the broken 



Fig. 212. Section "A* A" (Fig. 211) of footpath with heating pipes. 
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stone, the long lengths of pipes may expand and contract freely 
without fear of cracking the concrete. 

Fig. 213 illustrates the hookup of heater, controls, and circu¬ 
lator, with a filling and expansion tank T supplied for the purpose 
of taking up the expansion of circulating water when heated, so 
that no liquid is wasted. The expansion of an anti-freeze solution 



Fig. 213. Heating equipment with controls and meters for 

footpath heating pipes. 
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is usually greater than that with water (See Chapter 16). An 
automatic filling attachment may be added to the expansion fanif 
but, in any case, provision should be made to add anti-freeze 
mixture as desired. The arrangement shown in Fig. 213 is some¬ 
what more elaborate than is actually necessary for ordinary in¬ 
stallations, but certain instruments and meters were essential to 
obtain the records needed for establishing reliable data. 



Fi 0 .214. Automatic control for snow-melting pipes under driveway. 
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A water flow meter was installed at M to record the amount of 
circulating water and, with temperature readings taken at A and 
B, the heat load could be easily recorded. A measure of the 
condensation load in the heater H was obtained from the dis¬ 
charge at D, and this was used to check the records of the meter 
readings and temperature differential. 

When such a system is started, the modulating valve R may be 
set to maintain a temperature of 100®F, for example. This will be 
quite satisfactory for moderate temperatures and during periods 
when snow is unlikely, but ice formation is possible. The 
regulator Y is automatically put into operation to control at any 
mean temperature of approximately 160°F to 200®F when the 
solenoid valve Z is opened by the automatic snow control unit. 
This unit should be placed anywhere in the open where snow will 
fall freely on the sensitive plate. 

The snow control unit is shown in Fig. 214. It contains a flat 
plate P on which the snow can collect, but from which rain can 
easily escape, unless it is a freezing rain, in which case the rain 
also will collect on the plate. In Fig. 214 the thermostat C is 
calibrated to close the switch S only when the outside temperature 
drops to 35®F, so that no current is allowed to pass the instru¬ 
ment to operate the valve Z if the outside air temperature is 
above 35®F. As the snow begins to fall, a very small accumulation 
on the plate P is sufficient to press it downwards and close an 
electric switch T. This causes the circuit to open the solenoid 
valve Z and allows steam to flow through the bypass E to the 
heater. A small electric heater is fitted at H and the current to 
this heater is switched on immediately the thermostat C drops 
to 35®F. The small amount of heat given oflf by the coil H is 
sufficient to keep the supporting spindle K warm and prevent 
snow or ice accumulating around the spindle. The shield M is 
supported on a skeleton frame and its purpose is to prevent wind 
blowing the snow from the plate P. The knobs N and O are for 
adjusting the instrument to operate at any desired temperature. 

Fig. 215 represents a foreshortened plan of the footpath which 
indicates with letters and figures the actual spots on the surface 
of the concrete footpath where the temperatures recorded in 
Table 7 were taken. The letters indicate spots on the surface 
where temperatures were taken directly above the pipes, and the 
numbers indicate spots on the surface between the pipes. In 
addition to these figures, a record of the surface temperature of 
the exposed earth was taken some distance from the foothpath 
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and is given in the end column. These, it will be noted, follow 
the air temperatures very closely. 

When taking temperatures during a heavy fall of snow, it was 
found that the surface temperature dropped to an average of 
34®F, but that within a few minutes after the snow ceased, the 
surface temperature rose 6®F to 6®F, although the surface was 
still wet. Gradually the surface became dry and warmer as the 
heat from the pipes evaporated the moisture. 

It will be noted from the third and fourth rows, respectively, 
of Table 7 that there is a wide difference between the recorded 
surface temperatures when wet compared to those taken when 
the surface is dry. 

The very low surface temperature recorded when snow was 
actually falling is due to the rapid dissipation of heat used to 
melt the snow, and the lower surface temperature when wet com¬ 
pared with the higher surface temperature when dry is due to 
the rapid evaporation from a wet surface which quickly absorbs 
the heat being transmitted through the concrete and reduces the 
surface temperature accordingly. 

In regard to thermal efficiency, it was found during fair 
weather that with an outside air temperature of zero and a 
mean water temperature of 165®F, approximately 66.1% of the 
heat transmitted by the heating medium to the footpath was 
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given off by the surface of the concrete. With an air temperature 
of 32®F, this was reduced to 46.3%, although under actual 
operating conditions when snow is not predicted, the surface 
temperature can be reduced considerably below that maintained 
on test, and a great saving of heat effected. These values were 
obtained by recording the surface temperatures and the radiant 
heat transmission with the instruments illustrated in Fig. 13, 
and by calculating the convection losses according to the air tem¬ 
perature and wind velocity during the test. To prove these figures 
one of the slabs shown in Fig. 146 was tested outside under the 
same conditions to check the actual heat loss from a given surface 
of similar nature and the same surface temperature. 


Table 7 —Test Data from Snow Melting Installation 

(Location of Points as Shown in Fig. 215) 


OUTSIOB 

Aw 

Tku?., 

Points Dikectly Above Pipes 

A I B 

C 

D 

1 

E 

1 

F G 

1 

H 

J 1 

K 

Average 

r 



Surface Temperature, *1 

? 




34 

61 

58 

56 

63 

48 

62 

49 

61 

56 

66 

64 

28 

66 

63 

51 

49 

41 

46 

42 

47 

63 

62 

49 

32» 

59 

66 

53 

52 

48 

50 

48 

50 

64 

63 

62.3 

32b 

35 

35 

34 

34 

34 

34 

34 

34 

35 

35 

34.4 

0 

33 

30 

29 

28 

26 

29 

26 

33 

36 

36 

30.6 


1 


Points 

Above But Between Pipes 


Surface 

^0 TSiDE 

An 

Teup.s 

I ' 

2 

3 

4 

S 

Average 

Temp. 
OF Bare 
Ground, 











Surface Temperature, 



34 

68 

66 

61 

48 

60 

52.6 

35 

28 

62 


46 

43 

44 

46.4 

28 

32* 

66 



48 

49 

61.2 

S3 

32b 

34 

84 

34 

84 

34 

34.0 

32 

0 

29 

26 

26 

24 

25 

26.0 

2 

*Dry surface. ^Wet surface due to sdow. Inlet water temperature, 175*P; 
Outlet water temperature, 1SS®F; Mean water temperature^ I65*F. 
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Fig. 216. Heat emission from buried pipes in concrete, asphalt 


and crushed stone. 


Curve X. Btu emitted per square foot of V/^ inch wrought iron 
or steel pipe when pipe is embedded in crushed stone below 
4 inches of concrete (surface dry). 

Curve Y. Btu emitted per square foot of 154 '^ch wrought iron 
or steel pipe when pipe is embedded In crushed stone below 
8 inches of concrete and melting snow. 

Curve Z. Same as Curve X, but snow falling on surface. 

Curve A. Btu emitted per square foot of 1 Inch ferrous pipe 
when buried in broken stone below 2*4 inches of asphalt and 
melting snow. 
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With an outside temperature of 26° F and with snow falling 
at the rate of 1.062 inches per hour, approximately 70% of the 
heat was usefully employed to melt the snow, and a further 10% 
was given off to the surrounding air and cold surfaces, with about 
20% being lost downward in the soil. 

The concrete slabs forming the footpath were cast so as to be 
removable for experimental purposes, and the spacing of the pipes 
was changed for different tests to obtain the best results and 
greatest efficiency. 

Working Data for Snow Melting 

The results obtained from a prolonged scries of tests under 
different atmospheric conditions proved that pipes embedded 
in the ground will take care of any snow fall or ice storm, 
providing that sufficient pipe surface is installed and that the 
pipes are properly spaced and graded with a rapid circulation 
of high temperature water or anti-freeze mixtures. 

Tests were made to ascertain the heat given off per square 
foot of pipe surface, and since the heaviest snowfall seems to 
occur with outside temperatures of 32°F, or slightly above, some 
special tests were made under these particular conditions. The 
chart in Fig. 216 gives the heat transmission per square foot of 
iy 4 inch pipe with different mean water temperatures when 
buried in broken stone; it will be noted that with a mean water 
temperature of 165°F, one square foot of inch pipe will give 
off 2.55 Btu per hour per degree difference between water and 
outside air when dry, and 2.87 Btu per hour when melting snow. 
If the mean water temperature is reduced to 100°F for instance, 
as it may be during periods when snow is not predicted, the 
transmission from the pipes will be 1.00 Btu per square foot per 
degree difference between air and water. Therefore, the heat 
load to meet standby losses can be reduced considerably. 

The weight of snow varies considerably according to the out¬ 
side temperature, and although there does not appear to be any 
very definite relation between surface air temperatures and the 
density of falling snow, the chart shown in Fig. 217, which the 
author has prepared from statistics provided by the U. S. Weather 
Bureau, is of interest. This gives the approximate weight of 
snow per cubic foot according to surface air temperature. From 
this the weight to be melted per inch of snowfall can be cal¬ 
culated. At the lower temperatures the weight of snow is leas, 
but more heat per pound is required because of the lower tern- 
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perature. However, after allowing for this, we find the greatest 
heat load per inch of snowfall is at temperatures of 32'^F to 34®F. 
At air temperatures above 32®F snow is often mixed with rain, 
so that although the density is great, some of the deposit may be 
already in the liquid state. 

The greatest densities on record appear in the Potsdam, 
Germany, observations by F. Wengler, when densities up to 
8.76 pounds per cubic foot were recorded for temperatures 
between 32°F and 34*P, and densities up to 14.7 pounds per 
cubic foot were recorded for temperatures up to 37°F. For this 
country, however, it seems perfectly safe to use the chart in 
Fig. 217 as a basis for calculations, and to allow a maximum 
weight of 7.2 pounds per cubic foot for 32®F air temperature 
which will cover all contingencies. In the actual test recorded in 
this chapter the air temperature was 26°F, so that the weight 
of snow may be assumed to be 5.9 pounds per cubic foot. 

Under these conditions one square foot of snow 1 inch deep 
weighs .49 pound, and since the latent heat of fusion of snow 
is 144 Btu, the heat required per square foot of surface per hour 
to melt snow when it is falling at the rate of 1.062 inches is 

1.062 X -49 X 144 = 74.88 Btu 

The heat given olf to the air by the concrete surface under 

these conditions = 1.35 Btu per square foot per hour per degree 

difference between air and surface temperature, so that the 

emission loss from the surface to the air and other surroundings, 

with an air temperature of 26°F and a surface temperature of 

34®F is 1.35 X 8 10.8 Btu, making a total of 74.88 -f- 10.8 

= 85.68 Btu per hour. Allowing 20% of the total heat, or 21.4 

Btu loss downwards, the heat emission from the pipes must be 

(85.68 + 21.4) = 107.08 Btu per square foot per hour. Since 

one square foot of 1^4 inch pipe gives off 2.87 Btu per hour per 

degree difference when melting snow, the pipe surface required 

per square foot of footpath if a mean water temperature of 165®F 

and an air temperature of 26°F are assumed is: 

♦ 

107.08 (165 — 26) X 2.87 = 107.08 -h 398.9 = .2684 

square foot. 

Since .2684 square foot of inch pipe is .2684 .443 =s .605 

lineal foot of pipe, or 7.2 inches, the pipes should be spaced 
144 7.2 = 20 inches apart to provide the necessary heat. 
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Assuming a snowfall at 32®F with snow at 7.2 pounds per cubic 
foot and a rate of 1 inch of snowfall per hour, the Btu required 
per square foot to melt this amount of snow is .6 X 1^4 = 86.4 
Btu per hour. Assuming the same loss downwards: viz.: 21.4 
Btu and a loss to the air and surroundings of 1.35 X 2 = 2.7 Btu, 
we have a total load of 86.4 -f 21.4 -)- 2.7 = 110.5 Btu per square 
foot per hour. Since we required 20 inch centers for 107.08 Btu, 
we shall require 20 x 107.08 110.5 = 19.375 inch centers for 

the heavier snow. 

If we wish to take care of a snowfall of 2 inches per hour, the 
total load will be 110.5 -|- 86.4 ^ 196.9 Btu, and the centers for 
the 1V4 inch pipes will be 19.375 X 110.5^-196.9 = 10.873 inches. 

It may, of course, be possible to raise somewhat the temper¬ 
ature of the circulating water above 165° if the particular anti¬ 
freeze mixture used will allow it, and if the mean temperature of 



Fig. 218. Footpath immediately following a 3-inch snowfall. 
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the water is raised to 190®F, for example, the heat given off per 
square foot of pipe when snow is falling, according to Pig. 216, 
Curve Z, will then be 3.3 Btu per degree instead of 2.87 Btu. The 
pipe surface then required per square foot of footpath for 1 inch 
of heavy snow is 19.375 X 3-3 2.87 = 22.25 inch centers, and 

for 2 inches of heavy snow per hour 10.873 X 3.30 -^-2.87 = 12.5 
inch centers. 

The question is often raised as to whether a heavy fall of snow 
will coincide with a very low air temperature, and if this can be 
predicted. The U. S. Weather Bureau has informed the author 
that the forecaster requires data from a large surrounding area, 
including the upper air, for several hours before making a 
reasonably accurate forecast of snow, and that the temperature 
of the surface will determine whether snow and sleet remain 
unmelted on the surface. Hence, it is necessary to maintain a 
moderate heat in the pipes during periods when snow is possible. 
This heat may be turned on manually when the local Weather 
Bureau forecast calls for precipitation with a possibility of snow, 
or if the temperature is falling rapidly. It may also be turned 
on automatically as snow begins to fall. 

The U. S. Weather Bureau points out further that snow will 
fall at any temperature below 32°F (and at temperatures above 
32®F, except that melting generally occurs), but as the air tem¬ 
perature falls, the amount of water vapor the air can hold 
decreases also and, consequently, the rate at which snow can be 
precipitated is very small for low temperature. Thus, it is not 
necessary to allow for very low temperature losses with a heavy 
rate of precipitation. 

Fig. 218 is an unretouched photograph of a portion of the 
footpath taken immediately after a snowfall of about 3 inches, 
and Figs. 219 and 220 are photographs of portions of the same 
footpath directly after a snowfall of 14 inches. It will be noted 
in Fig. 218 that no building existed to the left of the footpath 
at the time this photograph was taken, but in Figs. 219 and 220 
the new office block, referred to in Chapter 14, is shown erected 
close to the sidewalk. At no time during the heaviest snowfall 
has there been any unmelted snow or ice on the sidewalk, except 
at a few isolated spots close to the building, as can be seen in 
Fig. 219. These small patches are places where snow alighted on 
small pieces of wood and other debris which had fallen from the 
new building under construction at the time when the photograph 
was taken. These were purposely left in the picture to illustrate 
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that while the heat reaching the surface of the concrete was 
always sufficient to melt the heaviest snow falling on the heated 
area, the heat penetrating the concrete was not sufficiently intense 
to heat the debris above the melting point of snow. This was 
undoubtedly due to the very low outside air temperature which 
rapidly dissipated the surplus heat. 

The small white patch about midway along the path (Fig. 219) 
is caused by the reflection on the wet surface of the snow on the 
cafeteria roof and is not due to snow or frost. At no time has it 
been necessary to use a brush or any other method to remove 
snow or ice, as none has collected since the system was first 
installed, even though the outside air temperature has often 
fallen to well below zero. 

While it is not necessary to keep the hot water circulating in 
the pipe coils at full temperature at all times, it is found to be 



Fig. 219. Footpath immediately after a fall of 14 Inches of snow. 
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Fig. 220. End of footpath directly after a 14 inch snowfall. 


more efficient to maintain a moderate heat during periods when 
snow is predicted, and then to boost the temperature immediately 
snow starts to fall than it is to rely on heating up the whole of 
the drive or runway from cold at the time snow commences. 

Fig. 221 shows the average surface temperature recorded from 
the time of starting. These records were taken with an outside 
air temperature of 26®F and indicate that it took 35 minutes for 
the surface to reach a temperature of 32''F, the temperature at 
which snow starts to melt. If snow starts falling on a very cold 
surface, it is found that with very thick roads, etc., it may take 
30 to 45 minutes to heat up the surface to a temperature for 
effectively melting a heavy fall of snow. If, on the other hand, 
water at a moderate temperature of about 100®F is circulated 
through the coils, the surface will be maintained at a temperature 
which will melt the snow as soon as it starts to fall. If, when the 
snow starts, the temperature is boosted to 165°F or higher. 
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sufficient heat will be maintained to melt the snow as it falls and 
keep the surface free from snow and ice. 

Construction Details 

The temperature and other records given above are, of course, 
on the basis of a 4 inch layer of concrete above the pipes. It is 
possible to obtain a shorter heating up period if pipe coils are 
thinly covered, as may be the case with a residential driveway, 
but for heavy traffic, such as roads and runways,'it is necessary 
to have a sufficiently strong and durable covering over the pipes 



Fig. 221. Time lag in heating up surface. Upper curve gives 
time lag with 4 inches of concrete above pipe coils. Curve Z 
gives time lag with 8 inches of concrete above pipe colls. 































































SNOW MELTING 


337 


to prevent fracture or sinking of the pipes. This must be taken 
into account when calculating pipe surfaces and fuel consumption. 
For ordinary residential driveways it may be found quite satis¬ 
factory to turn on the heat at the time snow starts to fall. 

If the pipes are actually embedded in asphalt, as indicated in 
Fig. 224, a satisfactory arrangement for many driveways, the 
transmission from the pipes is much greater than when laid on 
broken stone. The higher transmission is due to the fact that heat 
is conveyed from the pipe to the asphalt with greater rapidity, 
and the pipes being closer to the surface will allow the heat to be 
dissipated with greater speed. 

From actual tests carried out with pipes embedded in asphalt, 
the heat transmission per square foot of pipe area is given by 
Curve A in Fig. 216. Although asphalt is liable to soften with 
heat, it is found that the emission of heat from the black surface 
in cold weather is so great that no softening effect is found even 
with a circulating water temperature of 180®F. 

Tests were carried out on an asphalt surface with a weighted 
moving vehicle equal to 750 pounds per wheel and water tem¬ 
perature up to 180®F, without any sign of impression on the 
asphalt. These tests were carried out with air temperatures at 
36®F and below, since it can be assumed that at air temperatures 
above this there will be little need of heat to take care of the 
surface. 

If pipes *are being embedded in asphalt, as often will be the 
case for residential driveways, the coefficients taken from Curve A 
in Fig. 216 may be used with safety. Due allowance must be 
made for a percentage loss downwards, according to the underfill 
between the earth and the asphalt. 

The amount of heat necessary to melt 1 inch of snow is the 
same, regardless of the material used for driveway, but, as we 
found with the slab test explained in Chapter 13, the closer the 
pipes are to the surface, the more efficient they become. Moreover, 
the easier the path for the heat to travel upwards, the smaller will 
be the percentage of heat conducted downwards. 

The data given may be used with safety for all ordinary road 
and surface constructions as described, but if the pipes are buried 
exceptionally deep to deal with very heavy traffic, due allowance 
must be made for a time lag and the smaller percentage of 
heat transmitted upwards. In such cases it will be safer to use 
Curve Y in Fig. 216 and allow a time lag according to Curve Z 
in Fig. 221. 
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FIb- 222. Layout of snow-melting pipes for large airport. 
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Airport Applications 

If a snow melting system is installed to deal with 1 inch of 
sno^vfall per hour, the heat load for standby losses when a 
moderate temperature is maintained on a dry runway about 
1000 yards long and 100 feet wide will be approximately 6,000,000 
Btu per hour. This represents an average fuel consumption of 
approximately 9 tons of coal per 24 hours, and a load when snow 
is actually falling at the rate of 1 inch per hour will be approx¬ 
imately 60 tons of coal per 24 hours, if the snowfall is maintained 
for that period. 

It is estimated that during an average winter it will be found 
necessary to take care of snowfalls for not more than ten to 
fifteen days at full power, and for not more than 45 to 60 days 
at moderate power when snow is predicted, depending, of course, 
on the locality. 

If it is found desirable to install a snow melting system to deal 
with about 2 or 3 inches of snowfall per hour, it will be necessary 
to install additional pipe to deal with the extra load, according to 
the figures given in the foregoing calculations, but the fuel 
consumption need not be in proportion to the extra pipe added. 
During periods of predicted snowfalls, the temperature of the 
circulating medium may be reduced in proportion to the amount 
of pipe used, because it is only necessary to maintain the surface 
slightly heated during these periods which will need the same 
amount of heat regardless of the actual amount of pipe installed. 
The maximum load during snowfalls, however, will be in pro¬ 
portion to the amount of heat required to melt the snow. 

Figs. 222 and 223 illustrate how a runway of an airport may 
be dealt with. While the initial costs and operating expenses may 
at first appear very high, it must be taken into consideration that 
the present cost of mechanically removing snow at an airport 
which serves an area of a million population, for instance, may 
be as much as $200,000 annually. When the installation cost of 
a snow melting system is considered, taking into account the 
annual interest on the investment, plus operating and maintenance 
costs, it will, in many cases, be found to be less than the amount 
now being spent for mechanical removal of snow. 

The largest factors in favor of the snow melting system are 
that flight schedules can be maintained the year round, except 
for unusually bad, foggy weather, and the fact that there is 
greater safety in landing and taking off. The rapid melting of 
snow on runways at airports would not only facilitate the taking 
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ofT and landing of planes, but the actual landing of the planes 
would also be made much safer because the dark runways will 
show up clearly against the surrounding snow-covered ground. 

The mechanical method of removing snow is of very little use 
while snow is actually falling, whereas the melting system keeps 
the runways always clear of snow and ice. It is the opinion of 
experienced pilots that it is not so much the snow in the air which 
makes flying hazardous, but the snow and ice on the runways 
which they must land on and take off from. Then again, the 



Fi 0 . 223. Layout of snow-melting pipes for section of runway. 
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Fig. 224. Plan and details of typicai snow-melting installation 
for driveway: (A) Plan of pipes; (B) Method of air venting at 
high points; (C) Section of driveway showing concrete cover¬ 
ing for heavy traffic; (O) Method of resurfacing old driveway 

with eoila embedded. 
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Fig. 225. Driveway pipe coils prepared on stone base ready 

for stone filling and asphalt covering. 


mechanical scraping of the runways to clear away the snow 
causes rapid deterioration and wearing away of the surface. 
There is also the danger of frost in the ground causing upheavals 
and disintegration of the runway. 

Snow Melting for Driveways 

The same principle of snow melting can be applied to gas 
stations, driveways, and appi-oaches to bridges and the public 
buildings. It greatly facilitates the moving of material which 
often has to take place outdoors from building to building in large 
steel plants and other industrial plants. With passageways and 
runways kept clear of snow and ice throughout the winter, a great 
saving in time and costs can be effected. 

Fig. 224 illustrates the layout of a typical snow melting system, 
installed at the author’s residence; it is illustrated here since it 
was necessary to deal with a high point in the long driveway. ^ 

In this case it was a question of dealing with an asphalt drive 
which had become somewhat undulated due to the sinking of 
made-up soil. It was first intended to retain the old driveway 
and form channels in the asphalt to accommodate the pipes, as 
illustrated in sketch D. However, it was later decided to take 
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up the whole of the original driveway and place the pipes on a 
new stone bed. 

Figs. 225 and 226 show the pipes graded and prepared, ready 
for the stone tilling. The stone filling was sufficient to cover the 
pipes so that the asphalt did not come in contact with the pipes. 
After the stone surface had been well I’olled with a 5-ton power 
roller, asphalt to a depth of 2 V 2 inches was added and finally 
rolled to a finished surface. 

Since there is a high point in the driveway at section A-A, it 
was necessary to prepare both pipes for air venting at this point. 
To do this ^/4 inch nipples were welded into the IV 4 , inch pipes 
and a ^ inch draw-off pipe was taken into the house from each 
l'/4 inch pipe, as illustrated in B, Fig. 224. 

While the foregoing method is quite satisfactory for light 
traffic, it is advisable with heavy traffic first to cover the pipes 



Fig. 226. Pipes for driveway spaced for width of tread. 
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Fig. 227. Suggested snow-melting layout for steps to public 
buildings. Central Section A-A shows pipes embedded In 
concrete. Lower section shows a method of applying pipes to 

existing steps of concrete or stone. 
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with concrete, either over the whole area, as illustrated in 
Fig. 223, or over the area where the weight of the traffic will be 
concentrated, as illustrated in C, Fig. 224. 

Public Building Steps and Stadia 

When erecting steps to public buildings it is a simple matter 
to install one pipe in each tread or, for very wide steps, two pipes 
per step, and thereby keep the surfaces free of snow and ice 
throughout the winter. In Fig. 227, the central section A-A 
illustrates how such pipes may be installed in concrete steps. The 
lower section illustrates a method of dealing with existing steps 
when it is impossible or undesirable to break down and rebuild 
the existing steps. To take care of this wood treads are made to 
fit the existing concrete or stone steps, and pipe coils are con¬ 
structed so that a pipe passes along under each of the risers. 
The pipe coils, and also the wood treads, may be made portable 
so that they may be removed for the summer months. 

This same method has also been applied to football stadia to 
keep snow from the concrete steps and also to provide a little 
heat and comfort for those watching the game. Such comfort 
conditions add greatly to the attraction of the game and result in 
greater attendance and larger revenue. 

In connection with football and other sport stadia, radiant 
heat is sometimes provided in the press box by installing heated 
panels overhead to project heat rays on to the hands of writers 
to insure ease in writing. This is usually done so that sport 
writers may sit with the front of the press boxes removed and 
thereby obtain an uninterrupted view of the game. Sport writers, 
when sitting in an open position, catch the atmosphere of the 
spectators and, consequently, receive a greater spirit of the game 
than when shut in an enclosure. This spirit is undoubtedly 

reflected in their account of the games and makes for better 
reading. 

Open Air Hospitals 

Another important application for embedded pipes is in 
connection with open air hospitals, and open spaces adjoining 
hospital wards. Pipes embedded in the concrete or asphalt cover¬ 
ing of a flat roof will provide an ideal place for sunbaths. Patients 
will be able to walk or sit on a dry and relatively warm floor while 
enjoying the beneficial rays from the sun. Since snow reflects 
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about 80% of the rays’ energy received from the sun, the patients 
may receive these in comfort without fear of ill effects from cold 
and wet surfaces. Hospital patients may also receive rays from 
overhead panels if shelters are provided, as illustrated in Fig. 228. 
The rays from the overhead panels will provide warmth on dull 
cold days, and recreation areas outside the shelters will be kept 
free of ice and snow by the embedded pipes indicated at P. 

Undoubtedly, the use of embedded pipes and infra-red rays will 
play a much greater part in our lives in the future and be used in 
many of our daily pursuits, perhaps for applications now un¬ 
dreamed of. 

Use of Electric Conductors 

For small areas and where electric current is cheap, electric 
conductors buried below the surface will also be found very 
efficacious for melting snow. 



Pig. 228. Radiant-heated open air shelter and snow-melting 

system for hospital. 


SNOW MELTING 


847 


The author has in use a lead covered double electric conductor 
embedded in fairly large brick and stone steps leading to the front 
entrance of his residence to prevent the formation of ice and 
snow which, previously, presented a dangerous hazard. Since the 
steps are on the north side of the residence, very little sun reaches 
them in winter, and previously with any drop in temperature to 
below freezing after a slight rainfall, ice formed very rapidly. 

The electric conductor which is buried 4 inches below the sur¬ 
face is plugged in at the side of the steps with a switch inside 
the front entrance, so that the current can be turned on or off, 
as found desirable. 

The conductor is capable of giving off 12 watts per foot run, 
and is spaced on 4 inch centers with a return loop for each tread. 
This means that for each step there are two lengths of conductor, 
which, allowing for a 20% loss downwards, gives a maximum heat 
emission upwards per square foot of 

(12 watts X 3-4 Btu per hr. per watt) (12 -4- 4) X 80% = 97.92 
Btu per hr. per sq. ft. 

This will take care of a maximum snowfall of % inch per hour 
and prevent the formation of ice at all times. 

The advantages of using an electric conductor are obvious, 
and its only drawback appears to be in the cost of the electric 
energy used. Owing to the small surface area of the electric 
conductor, it is necessary to place the electric wires fairly close 
together to obtain satisfactory results. It must be remembered 
also that when it is not intended to operate a system continuously 
during the winter, it is necessary to provide adequate capacity 
for heating the adjacent ground once the system is started. This 
applies to both electrically heated systems and those having 
embedded pipes with a circulating medium. 

For example, on page 332 we find that for two inches of snow¬ 
fall per hour we require 196.9 Btu per square foot of driveway 
per hour, but since it may be necessary to turn on the heat after 
a snowstorm has started, and since the ground may have been 
subject to a low air temperature of zero or lower for some time 
prior to the fall of snow, it is advisable to have a margin on the 
boiler or heater of at least 50% or 75% above the load calculated 
on the total area and the Btu per square foot of driveway. For 
instance, if the total area is 1200 square feet and we wish to 
take care of a two inch snowfall per hour,, the total load will be: 
196.9 X 1200 = 236,280 Btu per hour. With a 60% margin the 
boiler or heater power should be at least 354,420 Btu per hour. 



CHAPTER 16 


STEP-BY-STEP PROCEDURE IN 
RADIANT HEATING DESIGN 

In this final chapter, the step-by-step procedure in designing' 
and installing: radiant heating: systems is summarized. The vari¬ 
ous numbered steps which follow show the order in which each 
step would be taken in actual practice. Whenever working data 
are required, the source or location in this treatise is given. This 
sequence of operations is given to demonstrate just how the sim¬ 
plified working data are obtained from the accompanying charts 
and tables. 

FIRST STEP, Decide, at least tentatively, what room surfaces 
walls, floor, or ceiling—are to be heated. The advantages, dis¬ 
advantages and comments on this point are thoroughly covered 
in Chapters 7, 8, and 9, Once this decision has been reached, the 
area of the heated surface and the area of unheated surfaces can 
be quickly calculated. 

STEP. The construction and location of the building 
determines the heat transmission coefficients and outside design 
temperature, respectively, to be used, and these establish the sur¬ 
face temperatures of unheated surfaces. Instructions for com¬ 
puting these surface temperatures are given in detail in 
Chapter 5. 

Figs. 15 to 17 give graphical solutions for finding surface tem¬ 
peratures for common cases, while the formula given under 
Surface Temperatures” in Chapter 5 can be used for the excep¬ 
tional cases not covered by the charts; note the temperature cor¬ 
rections for surfaces opposite or adjacent to heated panels given 
immediately following the formula. Tabulate the surface tem¬ 
peratures on a form similar to that in Fig. 125. 

THIRD STEP. Knowing the surface temperatures, determine 
the MRT of unheated surfaces by reference to the data on emis- 
sivity (Table 3) and radiation emission (Table 4), as explained 
in Chapters 5 and 12. 
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FOURTH STEP. Determine the desired MRT of the room in 
question for best comfort conditions. This is usually 73®F; exact 
determination can be made from Fig, 123, Chapter 12. 

FIFTH STEP. Knowing the required MRT of all surfaces from 
step four and the unheated MRT from step three, calculate the 
required surface temperature of the heated panel as explained 
in Chapter 12 to produce the desired MRT. 

SIXTH STEP, Calculate the heat losses for each room. These 
heat losses are made up of (a) heat lost through walls, glass, 
floors and roofs, and (b) heat required to raise the temperature 
of outside air entering (1) accidentally by leakage around win¬ 
dows or doors and (2) deliberately for ventilation. The heat 
losses by (a) and (b) are calculated by the method explained 
later in this chapter under the heading “Heat Loss Calculations.” 
Note, however, that as explained under that heading, standard 
heat loss coefficients as given in Tables 8 to 13, can be reduced 
somewhat for radiant heating. 

SEVENTH STEP. Divide the total heat loss from the room— 
heat transmission plus infiltration loss plus ventilation loss (if 
any) as found in step six—by the area of the heated surface, to 
find the required heat emission per square foot of panel surface. 

EIGHTH STEP. Knowing the required heat emission of the 
heated surface from step seven, find the surface temperature 
necessary to produce this emission. This is found by referring 
to Figs. 229 and 230, heat emission by radiation and convection, 
respectively. These two charts are enlarged portions in Figs. 126 
and 127 but cover the smaller usual working range of tempera¬ 
tures than the latter charts. For detailed instructions, see Chap¬ 
ter 12. 

NOTE: If the short method of calculating panel surface as 
explained in Chapter 12 is adopted, then the chart shown in Fig. 
231 may be used instead of Fig. 129. The former is identical but 
the working* range is magnified over that of the latter. 

NINTH STEP. Compare the heat from step eight with the heat 
loss in step seven; they should balance or the heat emission should 
be slightly larger to provide a margin of heat available. The 
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surface temperature found in step five should equal that found 
in step eight. If not, the MRT and the air temperature must be 
modified until there is a balance of conditions, as explained in 
Chapter 12. 

tenth step. Select the type of floor, ceiling or wall con¬ 
struction if this is not known. Then calculate the heat lost (down¬ 
wards for a floor panel, upwards for a ceiling panel, to adjacent 
rooms or outside for a wall panel) as explained in Chapter 13, 
also any losses conducted from floor or ceiling to outside walls. 
These losses must be added to the heat emission required from 
the surface (step seven) to obtain the total output of the panel. 

ELEVENTH STEP. With the total unit output known, the pipe 
size, pipe spacing and water temperature can be found as ex¬ 
plained in Chapter 13, or for the usual cases, the graphs in Fig. 
242 to Fig. 305, inclusive, can be used and the answer found 
directly with no computation. If floor covering is used refer to 
charts. Figs. 147 and 158, Chapter 13, for information on its 
eifect on output. The use of the graphs on pipe size, spacing and 
water temperature is explained later in this book under “Graphical 
Determination, of Pipe Sizing and Spacing.*' Caution: be certain 
to note the maximum recommended water temperature listed at 
the top of each chart. Figs. 242 to 305. 

TWELFTH STEP. Knowing the total heat input, pipe spacing 
and size, sketch the proposed coil on the plan and calculate the 
frictional resistance of the coil for each room as explained later 
in this chapter under the heading “Calculating Frictional Resist¬ 
ance of Piping.” 

THIRTEENTH STEP. Add the resistance of the various cir¬ 
cuits and select the pump as described later in this chapter under 
“Calculating Frictional Resistance of Piping,” 


Heat Loss Calculations (Step 6) 

In calculating the required panel surfaces to meet the total 
heat losses, it is, to a certain extent, optional, whether we cal¬ 
culate the heat requirements on the basis of the MRT of all the 
surfaces, or from the total heat losses. These methods are fully 
described in Chapters 12 and 13; for greater accuracy and more 
equable comfort conditions, the MRT method is recommended. 
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Fig. 229. Heat emission by radiation. This chart is an enlarge¬ 
ment of that portion of Fig. 126 which constitutes the usual 

working range. 
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SURFACE TEMP. DEGREES FAHRENHEIT 

Fig. 230. Heat emission by convection. This chart is an 
enlargement of that portion of Fig. 127 which constitutes 

the usual working range. 
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Heat Transmission. The heat loss coefficient for walls, win¬ 
dows, etc., is generally recognized as an overall heat transmis¬ 
sion factor, representing the number of Btu passing through one 
square foot of the surface per hour, when a difference of one de¬ 
gree Fahrenheit is maintained between the temperatures of the 
air on the two sides of the wall, window, or other medium. This 
factor is represented by the letter symbol XJ. Values for U for 
all of the commonly-used floor, wall and roof constructions are 
given in Tables 8 to 13. Note that these values, which apply to 
convection heating should be corrected for radiant heating ac¬ 
cording to values in the chart. Fig. 232. 

With radiant heating it seems to have been well established 
by many years experience that the heat losses are smaller than 
with warm air or radiator heat. This reduction in total heat 
losses is not entirely accounted for by the lower room air tem¬ 
perature found necessary with radiant heat, not even when due 
consideration is given to the smaller temperature gradient from 
floor to ceiling. It is quite possible that the lower value for X) 
is partly the result of movement of the air over the inside walls 
and windows. This movement has an important bearing on heat 
transmission and is much less with radiant heat than with con¬ 
vection heating. 



Fig. 232. Correction factors to be used for radiant heating. 
Enter along lower scale with V value from Tables 8 to 13, 
move up to curve, left to scale and read corrected value to be 

used for radiant heat calculations. 
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It was explained earlier that in connection with windows the 
coefficient for single glazing was much less for radiant heating, 
and that a value of 0.95 could, in this case, be safely assumed 
for U, instead of the usual value of 1.13. It may be explained 
that, according to published data, authorities differ widely on the 
U factor for glass, for, in some instances, a value of 0.6 has been 
recorded, whereas in others the value has reached 1.30, 

Many of the values used for U are still in doubt and in most 
cases appear to be on the high side. The author, in dealing with 
radiant heat systems, finds it quite safe to reduce the total heat 
losses by 6% to 10%, and as a quick method the chart shown in 
Fig. 232 has been used to convert the values of U found reliable 
for the ordinary method of heating to the requirements when low 
temperature radiant panels are used. 

To obtain the total heat transmission per hour through a given 
surface, use the equation 

H = UA (t, - to) 

Btu per hour heat loss, 

Btu per hour per square foot per degree temper¬ 
ature difference, 
area of surface in square feet, 
inside air temperature, ®F, 

outside air temperature, *^F, usually called outside 
design temperature. 

The outside design temperature, is the lowest temperature 
for which the heating system will carry the load. It is not ordi¬ 
narily the coldest temperature ever reached in a given locality, 
but rather the lowest temperature reached every year or so. 
Values for for many cities in the U. S. are given in Table 14. 

Values for U where the construction is not listed in Tables 8 to 
13 must be calculated. This is done by use of the formula 

1 

1 1 X . X, Xj 1 1 

-1-1-1-^- \ -1-f-etc. 

fi fo k ki k2 32 

where U = overall heat transmission factor in Btu per 

square foot per hour per degree F temperature 
difference, 


where H = 
U = 

A = 

ti = 
tp = 


(Continued on Page 367J 
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Table 8 — Heat Transmission Cc 

for Masonry Walls 


(U) 


( FitM.rfs are in Btu per hour per square foot per degree temperature difference. 
«iir-tn*air, still air mftido. 15 m.p.h. wind outside. These values can be reduced for 
radiant heatine accortlinc to values found from Fig. 232.) 
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Table 9 — Heat Transmission Coefficients (U) 

for Wood Construction 

(Figures are in Btu per hour per square foot per de^ee teraperature difference^ 
air-to-air, stiJI air inside. 15 m.p.fa. wind outside. These values can be reduced for 
radiant heating according to values found from Fig. 232.) 
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Table 10 - Heat Transmission Coeffic 
for Floors and Pitched Roofs 


(U) 


(Figures are in Btu per hour per square foot per degree temperature difference, 
air-to-air, stilt air inside, 1& m.p.h. wind outside. These values can be reduced for 
radiant heating according to values found from Fig. 232.) 
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Table 11 — Heat Transmission Coefficients (U) 
for Flat Roofs and Windows 


(Figures are in Btu per hour per square foot per degrree temperature difference, 
air»to*air, still air inside, 15 m.p.h. wind outside. These values can be reduced for 
radiant heating according to values found from Fig. 232.) 
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Table 12 — Heat Transmission Coefficients (U) 

for Concrete Walls 

( fiuiirea are in Btu per hour per square foot per degree temperature difference. 

^ inside* 15 m.p.h. wind outside. These vdlues can be reduced 
radiant heating according to values found from Fig. 232.) ^ 


CONCRETE WALLS 



llfj p 
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Toble 13 — Heat Transmission Coefficients (U) 

for Plywood Construction 

(Rgures are in Btu per hour per square foot per degree temperature difference. 
atr*to*air« still air inside, 1$ m.p.hf wind outside. These values can be reduced for 
radiant heatioa according to values found from Fig. 232.) 


WA L L 



I 51 SifK^le Sheet Plywood 


Compound W^Ms 


Exterior 


B I C O E 


Thickness of Sheet. Inches 


y4. % yz % ^/4. 


U values below 


.91 .79 


.56 


152 


153 


^/a tn. Plywood 


Shin 9 lesorSirfing,^in.P|yscordSheflfhinj 
(55 * Furred air sppce befween 


156 Sidmg with Pl^scordas *155 

but With build/na paper 


157 I Shin 0 le$ or Sidin 0 ,papecl^in. Fiber&oard 


156 Shin 3 lesorS/d/n 9 ,buildm 0 paper 


159 I Shinglesor Siding,paper,^^in.Shiplap 


160 Shingles or Siding,^in Phrscord Sheathin 


161 or $iding,^in. Plyscord Sheathing 

' with furred space between 


Brick veneer,^ 6 in.Pljfscprd Sheathing, 
air space between 


162 


Interior 


V 4 in, Pl^ywood 


^/a in. Plywood 


^2 in. Fiber Board 


kjin. Plywood 


None 


4 ftin. Plywood 


^in.Wood lath and Pktslei 


J' 4 ln. Plywood 



Battor Blanket Insulatioi 
between Studs, in. 


.40 


.36 


.19 


.23 


.29 


.32 


.32 


.25 


.29 


.26 


.25 



ROO 



163 

Shm 0 les on 1 x 4 in. Strips, Zin.ciport on rorters 

.46 

164 

Shingles on Strips(as * I 64 ),with Plywood on underside of rafters 

.29 

165 

Composition roofing,^/din. Plyscord Sheathing on rafters 

.71 

166 

ComposiKon roofinq (as *^ 16 ^) with Plyscord wit h!!(fn. Plywood on underside of rafters 

.36 

167 

Compositionroofmg(astt| 66 )wih) Plyscord and Plywood wjtht^in.bott rnsulation between 

■a 


FLOORS AND CEILINGS 



166 i 

te'AFir. FlooronW in. Pjyscord sob-floor 

.35 

169 

'^in.rirFleor(os*l 68 )Hilh P|y 5 COfdwifhVvin.Plywoodceiling below joists ; 

.24 

170 

Floor (as 4 | 69 ) with P^scord and Plywood with %in. batt insulation between 

.14 

171 

No floor aboveIn. Plywood coiiin^/^ln. bait insulation above 

.23 

172 

5 fcia Plyscord flooron.jolsts.^ in. P|ywood ceiling below 

.32 

173 

^in.P>yscor«l'floor(as*i 72 )with Ptywoodeeiling withl^iabatt Insulation belween 

.17 
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Table 14 — Outside Design Temperatures (t©) 


Alabama 

Birmingham 

5 

Mobile 

15 

Arizona 

Flagstaff 

—16 

Phoenix 

25 

Tucson 

20 

Arkansas 

Fort Smith 

10 

Little Rock 

5 

California 

Bakersfield 

16 

Los Angeles 

30 

Sacramento 

26 

San Francisco 

86 

Colorado 

Boulder 

—16 

Denver 

—20 

Pueblo 

—26 

Connecticut 

Hartford 

—5 

New Haven 

—5 

Torrington 

—10 

Waterbury 

—15 


Delaware 

Wilmington 6 


District op Columbia 
Washington 0 


Florida 


Jacksonville 

26 

Miami 

86 

Tampa 

36 


Georgia 

Atlanta 10 

Rome 10 

Savannah 16 

Idaho 

Boise 0 

Lewiston 6 

Twin Falls 10 

Illinois 

Bloomington —10 

Chicago 10 

Decatur 10 

Indiana 

Fort Wayne —10 

Indianapolis 6 

South Bend —6 

Iowa 

Cedar Rapids —6 

Davenport —10 

Des Moines —15 

Fort Dodge —20 

Kansas 

Concordia —10 

Dodge City —10 

■ Topeka —10 

Wichita —5 

Kentucky 

Frankfort 0 

Lexington 0 

Louisville 0 

Louisiana 

Baton Rouge 20 

New Orleans 26 


State and City 



Design 

Teup., 

“P 
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Table 14 (Cont'd) — Outside Design Temperatures (to) 


State and City 

Design 

Temp.. 

Maine 

Eastport 

—10 

Lewiston 

—16 

Portland 

—10 

Massachusetts 

Boston 

0 

Springfield 

—10 

Worcester 

—10 

Maryland 

Baltimore 

6 

Frederick 

—6 

Michigan 

Alpena 

—10 

Detroit 

0 

Grand Rapids 

—10 

Kalamazoo 

—5 

Sault Ste. Marie 

—20 

Minnesota 

Duluth 

—25 

Minneapolis 

—20 

St. Paul 

—20 

Mississippi 

Jackson 

15 

Natchez 

15 

Vicksburg 

15 

Missouri 

Kansas City 

_6 

St. Louis 

—5 

Springfield 

—10 

Montana 

Butte 

—20 

Helena 

—26 


1 

State and City 

Design 

Temp., 

"F 

Nebraska 

Lincoln 

10 

Omaha 

—10 

Nevada 

Las Vegas 

20 

Reno 

—5 

New Hampshire 

Concord 

—20 

Nashua 

16 

New Jersey 

Atlantic City 

10 

Jersey City 

5 

Newark 

5 

Phillipsburg 

—5 

Trenton 

5 

New Mexico 

Albuquerque 

6 

Santa Fe 

0 

New York 

Albany 

—5 

Buffalo 

—5 

Elmira 

C 

New York City 

0 

Rochester 

—5 

Syracuse 

—15 

North Carolina 

Charlotte 

10 

Greensboro 

15 

Winston-Salem 

10 

North Dakota 

Bismarck 

—30 

Williston 

—36 
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Table 14 (Cont'd) — Outside Design Temperatures (t©) 


Design 

State and City Teup., 


Ohio 

Akron 

Cincinnati 

Cleveland 

Columbus 

Toledo 

Oklahoma 

Bartlesville 
Oklahoma City 

Oregon 

Eugene 

Portland 

Pennsylvania 

Erie 

Philadelphia 

Pittsburgh 

Scranton 

Rhode Island 
Bristol 
Providence 

South Carolina 

Charleston 

Columbia 

South Dakota 
Aberdeen 
Rapid City 

Tennessee 

Knoxville 

Memphis 

Nashville 

Texas 

Amarillo 

Dallas 


State and City 

Destcn 

Teup., 

*F 

Texas (Cont.) 

El Paso 

10 

Fort Worth 

10 

Galveston 

25 

Houston 

25 

Utah 

Ogden 

—10 

Salt Lake City 

—5 

Vermont 

Burlington 

—10 

Rutland 

—20 

ViRGINU 

Charlottesville 

10 

Norfolk 

15 

Richmond 

10 

Roanoke 

5 

Washington 

Seattle 

10 

Spokane 

—10 

Tacoma 

10 

West Virginia 

Charleston 

0 

Huntington 

—6 

Wheeling 

—6 

Wisconsin 

La Crosse 

—25 

Madison 

—10 

Milwaukee 

—10 

Sheboygan 

—10 

Wyoming 

Casper 

—20 

Cheyenne 

—20 


—5 

—5 

—5 

—10 

—6 


—10 

—5 


15 

15 


0 

5 

—5 

—10 


0 

0 


20 

15 


—30 

—20 


10 

5 

5 


—6 

10 
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Toble 15 — Conductivities of Building Materials 

(Where value is marked by an asterisk, the conductivity is for the thickness 
as indicated or as commonly applied. Otherwise, the value is for the conductivity 
k IB Btu per hour per square foot per degree difference per Inch of thickness 
Values of a are also per inch of thickness.) 


SahDs Gkavel, 

Soil 

Thick¬ 

ness. 

Inches 

k 

Gravel 


7.S 

Sand 


4.0 

Silver sand 


2.9 

Soil (clay loosely packed) 


2.6 

Soil (clay moderately 
packed) 

_ 

4.5 

Soil (clay heavily packed) 

— 

8.5 

Soil (loam and sand) 


9.0 

Soil (wet subsoil) 


15.0 


Gypsum, Tile. 

Bsick, 

Masonby 

Thick¬ 

ness, 

Inches 

k 

Common brick (dry) 

4 

S.OO 

Common brick 
(3% moisture) 

4 

8.0 

Common brick 
(10% moisture) 

4 

10.0 

Face brick 


9.20 

Granolithic 


6.00 

Gypsum board 

Vz 

2.82* 

Gypsum board 


1.41 

Gypsum plaster 

- 

3.30 

Gypsum tile 

4 

0.46* 

Hollow clay tile 

4 

1.00* 

Hollow clay tile 

6 

0.65* 

Hollow clay tile 

8 

0.60* 

Hollow clay tile 

12 

0.40* 

Hollow clay tUe 

16 

0.30* 

Marble 


17.40 

Stone (granite) 


20.3 

Stone (limestone) 


10.6 

Stone (sandstone, dry) 


9.0 

Stone (sandstone, wet) 


11.5 

Stucco 


12.00 

Tile and terrazzo 


12.00 

Tiles (burnt clay) 


5.8 

Tiles (cork) 


0.73 


COKCBETB 

AND 

Cement 

Thick¬ 

ness, 

Inches 

k 

Cement mortar 


12.00 

Cinder blocks 

8 

0.62* 

Cinder blocks 

12 

0.51* 

Concrete (1:1:2) 


6.7 

Concrete (furnace slag) 


11.0 

Concrete blocks 

8 

1.00* 

Concrete blocks 

12 

0.80* 

Concrete (cellular) 


1.62 

Concrete (cinder aggr.) 


S.OO 

Concrete (cinder mix') 


5.0 

Concrete (clinker) 


2.8 

Concrete (ezp. vermiculite) — 

0.70 

Concrete (gypsum fiber) 


1.66 

Concrete (limestone) 


11.00 

Concrete, sand and 
gravel aggregate 


7.00 to 
16.00 

Concrete, sand and 

gravel, average 


9.00 

Concrete (1: 2: 4, stone) — 

9.5 

Concrete (1:2:4, stone. 

thick) 


11.00 

Concrete 

(slag, average) 


1.9 

Roofing 

AND 

Siding 

Thick¬ 

ness, 

Inches 

k 

Asbestos cement sheeting 


1.90 

Asbestos shingles, roof 

— 

6.00* 

Asbestos shingles, siding 


6.67* 

Asbestos siding, 

corrugated 


0.48 

Asphalt 

— 

8.70 

Asphalt shingles 


6.00 

Asphalt tiles 


6.50 

Built up roofing 

H 

3.50* 

Slate 


10.40 

Wood sheathing and 

paper 


1.15 

Wood shingles 

— 

1.30* 

Yellow pine siding 


140* 
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Table 15 (Cant'd]» Conductivities of Building Materials 

(Where the value is marked by an asterisk, the conductivity is for the thickness 
as indicated or as commonly applied. Otherwise, the value is for the conductivity 
k in Btu per hour per square foot per degree difference per Inch of thickness, 
^^alues of a are also per inch of thickness.) 
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fie= inside surface film conductance, Btu per square 
foot per hour per degree difference in tempera¬ 
ture between inside air and inside surface, 

outside surface film conductance, Btu per square 
foot per hour per degree difference in tempera¬ 
ture between outside air and outside surface. 

X, x„ Xa, etc. = thickness of the various materials in inches of a 

compound wall through which the heat has to 
travel. 

k, kj, k,, etc. e=3 corresponding conductivity of the respective 

materials, 

ae=heat transmitted across air space within con¬ 
struction, Btu per square foot per hour per 
degree F. 

The conductivity k is the capacity of a material to conduct 
heat and is measured in Btu per square foot of area per degree 
difference in temperature per one inch in thickness. Values of k 
are given in Table 15. This conductivity is a quality of the mate¬ 
rial itself, but it will vary according to the amount of moisture 
in the material. This is the reason why a newly-constructed 
building will lose heat more rapidly than it will after being occu¬ 
pied for a year or two when the plaster, concrete, bricks, and 
other material have been effectively dried. Generally speaking, it 
may be said that moisture in the material increases the conduc¬ 
tivity and thereby enhances the total heat losses. 

The values of /, and fo, although generally recognized as being 
equal to 1.65 and 6.0, respectively, will also vary according to the 
finished surfaces of the material and the air velocity over the 
surfaces, and, therefore, to obtain a true value of U, all such fac¬ 
tors should be taken into consideration. 

In considering the value of a it must be remembered that much 
of the heat transmitted through an air space is in the form of 
radiant energy, so that the resistance can be increased by lining 
either one or both sides with aluminum foil or other reflective 
insulation. The value of aluminum foil lies in the fact that its 
surface has a low emissivity factor. Aluminum foil placed in 
contact with solid material has little value as an insulator. It is 
found that the surface does not deteriorate very much over a 
period of years, even though the color of the surface may vary 
and become darker in appearance. If the surface is occasionally 
allowed to become wet, then the surface may be affected and be¬ 
come corroded. Lacquer may help to resist the effect of moisture 
but lacquer will reduce the reflecting power of the surface. 
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The value of an air space is greatly increased by covering both 
sides with aluminum foil, and the value increases as the width 
of the space increases up to % inch. After this, any extra thick¬ 
ness does not appear to materially improve the effectiveness of 
the air space. 

Each construction necessitates some modification of the for¬ 
mula in order to accommodate it. The modification consists of 
adding any symbols necessary, or dropping any which do not 
apply. The manner in which the formula on page 355 is set up 
makes it apply to a construction with an inner and outer surface 
(/, and /^), three solid materials (A:, k^, and fea) with thicknesses 
of X, x^, and inches, and two air spaces and a^). If the wall 
contained only one air space, the term l/a.^ would be dropped out. 
If it had four materials in it, another term {x^/k^) would have 
to be added. 


Example: Find U for a wall made of 4 inches of brick with a 
conductivity of 5, 3 inches of air space, with a plaster and wood 
lath inner surface. 


1.6 


6.0 


6.0 


1 1 

- 1 - 

1.1 2.0 


3.0 


0.33 Btu per hour per square foot per degree F. The 


air leakage and also heat losses from the building itself may be 
seriously affected by the kind of workmanship put into the 
construction. Brick and stone walls may have inferior joints, 
leading to greater air leakage, and even the leakage through the 
bricks may vary largely due to porosity developed in manufac¬ 
turing. Good plastering will often reduce the amount of air 
leakage through a brick wall by over 90%. In fact, the infiltra¬ 
tion through well-plastered walls may often be discounted entirely. 

The question of infiltration and interchanges of air will in¬ 
variably arise in some form or other and must be dealt with 
according to the actual conditions associated with the building. 
If specifications or by-laws demand a given number of inter¬ 
changes of air per hour, or a given number of cubic feet of air 
per person per hour, resulting in a fairly high interchange of air 
per hour, it will invariably lead to an independent system for the 
introduction of warm and possibly conditioned air to meet the 
specification. 
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Generally speaking, it is found that sufficient panel surfaces 
may be provided to take care of 11/2 to 2 interchanges of air per 
hour without raising the MRT excessively. If, however, we 
attempt to provide sufficient panel surface to take care of higher 
interchanges of air, we shall probably meet with difficulties 
because the MRT will then be too high for a correct balance of 
comfort conditions. Furthermore, we would probably find that 
the initial cost of the system will be excessive, and much local 
overheating will result; hence the need for using the MRT method 
when calculating heat losses and panel surfaces. 

Because radiant-heat panels are quite effective in providing 
some warmth in exposed or even outside conditions, it must not 
be assumed that it is possible to introduce a large amount of 
unheated air into an occupied room if comfoxt is of prime im¬ 
portance. It is a comparatively easy matter to provide some con¬ 
vectors or to deliver warm-conditioned air into a room when 
desirable, and providing the temperature of the incoming air is 
a few degrees above the temperature of the air in the room, there 
should be no difficulty in doing this without creating drafts. 

In dealing with residences and ordinary buildings where no 
mechanical means of ventilation are provided, it is customary to 
estimate the amount of heat required for infiltration by exercising 
our experience, or we may calculate its approximate value from 
our knowledge of the doors and windows. 

Without any previous knowledge to guide the heating engineer, 
he can follow the conventional practice of allowing one change of 
air per hour for a room with one side exposed, and IV 2 changes 
for two sides exposed, and so on, and these results may come 
very close to average conditions in rooms of a typical residence. 
If a room is provided with a fireplace, the interchange of air may 
be somewhat greater but, then again, if desirable, the fireplace 
may be used in very extreme weather conditions to supplement 
the heat given off by the panels. 

None of the known factors normally used for estimating in¬ 
filtration through windows, walls, and doors are positively correct 
for all outside weather conditions, so that we are always faced 
with the fact that we must make the closest approximation 
possible. 

Unfortunately, after provisions have been made for all pos¬ 
sibilities, workmen can spoil the efficiency and the whole success 
of the system by carelessness or incompetence. This is true with 
any system, but with radiant heat installations where all the 
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work will be covered up, this possibility is of prime importance. 
Hence the need of a very careful check on all pipe coils and circuit 
pipes to insure that all joints are tig;ht and all pipes correctly 
graded before pouring the concrete. 

Infiltration : Air Leakage Method. Heat loss due to infiltration 
is calculated by the formula 

F = L X P X 0.24d (t, — t,) 

where F is the heat required in Btu per hour, L is the number 
of cubic feet of air leaking through per hour per foot of crack, 
P is the number of lineal feet of crack, d is the density of air, 
usually taken at 0.075, t, is the inside air temperature and the 
outside air temperature. Where (t, —to) = 70®P, the foregoing 
equation can be reduced to (in round numbers) 

F = L X 1-25 X P 

Values of L X 1-26 are given for usual constructions in Col. 8 
of Table 16, so that it is only necessary to multiply values from 
Col. 8 by the number of feet of crack. 

Note that Table 16 applies to a temperature difference of 68®F; 


Table 16 — Heat Required for Filtration Air 

(Values of leakage factor and heat lost in Btu per hour per foot of exposed window 
crack* baaed on 68*F temperature difference.) 


\ 

2 

3 

4 

5 

b 

7 

e 

Melhod 

of 

$iippor f 

$a$h 

Material 

Wind 

Protection 

Conttruehen 

features 

Fit or 
Conditron 

Perimeter 

(p) 

in Ft. 

leakage (i> 
Cw ft. per Wr. 

15 M P W. 

1x12$ 
Dtu per ft. 

tfovh\9 

or 

Wood 

None 

Usual 
run of 
Mitiworh 
and Uand- 

Work on 
$ftc 

Average 

Tightness 

(unlocked) 

For Double ! 
Uvnc) three 
timet the 
Width of 
Sash plus 
twice Uei<)M 
of Window 
For Casement 

total length 
of erAck 

40 

50 

Wood 1 

weather 

Strippinq 

24 

30 

Wood 

None 

Poorly 

fitted 

(unlocked) 

■H 

140 

Wood 

Weather 

$tr»ppir>e 

34 

43 

Double 

Metal 

None 


Unlocked 

7b 

95 

Melal 

Weather 

Stripping 

3' 5 

40 

1 felled $ech'cn Steel | 

Type 1 

fowtr part swinqintj oi/r 

Use 

perimeter 

of 

Swin^in^ 

f AM 

BH 

220 

t J htairi^r than 

Schoo Cr u g. ba/anctet on stttt arms. 

90 

113 

Casement 

^eciion 

only 

50 

63 

Meav^ Section Casement 


40 

50 
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that is, when (t, — to) = 68®F. For other temperature differ- 

ti to 

ences, multiply the values in Col. 8 by the fraction-. 

68 

Infiltration is frequently calculated for the sides of the room 
facing the coldest wind, assuming that heated air is leaving 
from other walls. 


Example. The north side of a room having north and east outside 
walls has two double-hung, wood, weatherstripped windows 3 ft. 
wide and 4V^ ft. high of average construction. What is the 
infiltration heat loss if (t, — t^) = 68° F? 

Solution. From Table 16, L x 1-25 = 30 Btu per foot of crack. 
From Column 6 there are 2 (3 x 3 + 2 x 4y2) = 36 feet of 
crack so that the heat loss is 36 x 30 = 1080 Btu per hour. If 
(ti — to) were only 40°, the loss would be 1080 x 
= 635 Btu per hour. 


Infiltration: Air Change Method. An alternate method of 
estimating infiltration air is the air-change method, using the 
formula 

F = n X V X 0 - 25 d (t, — tj 

where F, d, fj and are the same as in the previous formula, 
V is the volume of the room in cubic feet, and n is the number of 
air changes per hour from Table 17. For the usual case where 
air density d is 0.076 and (tj — t*) is 68°F, this formula reduces 
to (in round numbers): 


F = n X V X 1-25 

and for other temperature differences multiply by 




Example. What is the infiltration loss by the air change method 
of a living room 20 X ft* plan, 10 ft. ceiling, if 


(t, — t«) ^ 68°F? 

Solution. From Table 17, n for living rooms can be from 1 to 2, 
so in this case we might select 1^. The volume v is 20 X X 
8200 cu. ft., so that 


F = 1.25 X IV 2 X 3200 = 6000 Btu 
If (t, — to) had been 40°F instead of 68°F, then the loss would 
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Table 17 — Air Changes and Volume of Ventilation 

Air for Various Buildings 


Tvpe op Buildiko 

No. OP CHA^fGES 
PER Hr. (n) 

Cu. Ft. per Occu¬ 
pant PER Hr. (A) 


Mi: 

'1. j Max. 

Min. 

1 Max. 

Commercial 

Garages 

6 

12 


f 

Offices 

IH 

12 



Waiting rooms (public) 

4 

6 

■ 


Restaurants (dining) 

4 

20 


_ 

Restaurants (kitchen) 

4 

60 



Stores (retail) 

6 

12 


1 . 

Hospitals 

Dining rooms 

6 

12 



Kitchens 

20 

60 



Operating rooms 



3000 

3000 

Wards (ordinary) 



2100 

4500 

Wards (contagious) 


— 

2400 

6000 

Hotels 

Barber shops 

7.5 

7.5 



Cafes 

7.6 

7.5 


— 

Dining rooms 

4 

20 

_ 


Guest rooms 

3 

5 



Kitchens 

4 

60 



Lobbies 

3 

4 

— 


Lounges 

G 

6 



Toilets 

10 

12 



Industrial 

Factories (general) 

1 

12 

1500 

2000 

Factories (unhealthy) 

— 


3500 

3500 

Foundries 

3 

12 


— 

Paint booths 

0 

600 



Paint rooms 

30 

60 



Textile mills 

4 

4 



Residences 

Bathrooms and toilets 

1 

5 



Halls 

1 

3 



Kitchens 

1 

40 


* 

Living rooms 

1 

2 



Sleeping rooms 

0 

1 



Social, Recreational, PtiOlic, 

Educational and Religious 

Assembly rooms, auditoriums 

4 

30 

600 

4000 

Billiard and bowling 

6 

20 



Classrooms (schools) 

... 


1800 

2400 

Dining rooms 

6 

20 

— 

— 

Gymnasiums 

12 

12 


— 

Kitchens 

15 

60 



Laboratories 

6 

20 


— 

Locker rooms 

2 

10 


— 

Toilets 

10 

30 

— 

— 
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40 

be 6000 X — = 3529 Btu. 

68 

Ventilation Air. In cases where unheated ventilation air is 
introduced, the air quantities needed, and the heat required to 
bring it to temperature, can be calculated from the formula 

F = A X N X (t, — to) X -018 

where F is the heat required per hour for ventilation air, N is 
the number of occupants, A is the cubic feet of air per occupant 
per hour as given in Table 17, (t,—to) is the temperature 
difference as before, and .018 is the heat necessary to raise 
1 cu. ft. of air 1°F. 

Example. What would be the heat required for ventilation air 
in a factory room handling chemicals with 40 workers when 
(t,—to) is es-’F? 

Solution. From Table 17, A is 3500, so that 

F = 3500 X 40 X68 X -018 = 171,360 Btu per hour. 

Calculating Frictional Resistance 
of Piping (Steps 12 and 13) 

The frictional resistance set up in the system is often of major 
importance and, therefore, must receive due consideration. We 
have already discovered that when heat transmission per square 
foot of pipe surface is being considered, smaller pipes are more 
efficient than larger pipes. However, against this advantage we 
have to consider the initial and the operating costs. Initial cost 
will be higher for small pipes because these are invariably more 
expensive per square foot of surface area and the cost of erecting 
will be greater than the larger pipes, and the operating costs may 
be higher because the smaller pipes will create a greater frictional 
head and the power absorbed by the circulator will bo increased. 

Assuming that we have a job with a system of pipe coils 
similar to that illustrated in Fig. 233; then we first determine 
which of the circuits has the greatest frictional resistance. In 
many cases this information is obvious from a glance at the 
plan, but, in any case, it is always good practice to check on the 
resistance set up in each circuit because the more balanced the 
system we design, the more effective will be the control. 

Fig. 234 gives the frictional resistance per 100 lineal feet of 
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iron or steel pipe, and Fig. 235 gives similar data for copper pipe; 
Table 18 gives the equivalent lengths of pipe to be added for 
various valves and fittings. 

If the coils are arranged in parallel, as shown in Fig. 233, it 
may be found that it is only necessary to calculate the resistance 
of the connecting mains and the largest coil, or perhaps the coil 
which will set up the greatest differential head, to obtain the 
total resistance on the system. The problem will be simplified 
if this coil is at the extreme end of the system, like coil E in 
Fig. 233. 

Since it is always advisable to calculate the frictional resistance 
on large installations, the following method may be adopted as 
being satisfactory for both large and small jobs. 

First, calculate the frictional resistance for each coil as follows, 
using Fig. 234 or 235 and Table 18 to obtain the equivalent 
lengths of pipe: 

Example. Coil E 

Length of 1 inch iron pipe 

240 feet .-.---==*=240 

Number of return bends 

11, equivalent pipe.2.3 X H = 25.3 

Connections 

2 (welded ells), equivalent pipe, 1.7 X 2= 3.4 

Flow control valve at / 

1 (full open), equivalent pipe-4.0 X 1= 4 

Welded joints 

16, equivalent pipe.0.7 X’ 16 = 11*2 

Total equivalent feet = 283.9 

Assuming that coil E has to provide 12,000 Btu per hour with 
a temperature drop of 15®F, the amount of water passing through 
the coil will be 12,000 15 = 800 pounds per hour, or 1.6 gallons 

per minute. From Fig. 234 we see that with 1 inch wrought iron 
pipe delivering 1.6 gallons of water per minute, the friction loss 
will be .41 feet per 100 ft. Therefore, for an equivalent of 283.9 
feet, the frictional head taken at the junction across the points e 
and / will be .41 X 2.835 = 1.162. 

Assuming the distances de and fg are 25 feet each and these 
pipes are also 1 inch, we have an additional circulating head as 
taken from Fig. 234 of .41 X -50 = -205 feet, making a total 
differential head across d to p of 1.162 + .205 = 1.367 feet. 







COIL D COIL E 



Fig. 233. Layout of coils for which friction is calculated in accompanying example. 
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FRICTION LOSS IN L6S. PER SQ. IN. PER tOO FT. LENGTH 
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Fig. 234. Frietion loss per 100 foot run of steel or 

wrought iron pipe. 
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FRICTION LOSS IN LBS. PER SQ. IN. PER 100 FT. LENOTH 
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FIgi 235. Friction loss per 100 foot run of copper pipe* 
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Table 18 —Frictional Loss of Pipe Fittings in Terms of 

Equivalent Feet of Straight Pipe 


Fittino 

Diameter, Inches 

H ! 

i 


A , 

1 

1 ' 

\A 

1J4 1 

2 

2A i 

i 


Resistance 

In Equivalent Feet op Pn»s 


Gate valve 

.2S 

i .35 

.49 

.66 

.90 

1.1 

1.6 

1.9 

2.4 

Angle valve 

.90 1.2 

1.7 

2.4 

3.3 

3.9 

5.6 

6.9 

8.9 

Globe valve 

2.0 

2.7 

3.9 

5.4 

7.0 

8.9 

12.0 

15.0 

20.0 

Tee (through) 

1.3 

1.8 

2.7 

3.6 

4.9 

5.8 

7.9 

10.0 

13.4 

Close return bend 

.90 

1 1.2 

2.0 

2.3 

3.1 

3.6 

5.0 

6.5 

8.0 

Velocity control 










fitting 

1.5 

2.0 

2.9 

4.0 

5.5 

6.8 

8.5 

11.0 

15.0 

Welded joints 

.26 

.35 

.50 

.7 

.95 

1.2 

1.6 

2.0 

2.6 

Ell (standard) 

.68 

.89 

1.3 

1.7 

2.4 

2.9 

4.0 

6.0 

6.7 

Bend (longradius) 

.33 

.44 

.63 

.84 

1.2 

1.4 

1.9 

2.5 

3.4 


Since this differential pressure will exist across the points dta g, 
it represents the differential pressure across the coil D, and either 
the coil D must be designed to create this frictional resistance 
when passing its required quantity of water, or we must insert 
an artificial resistance to balance the circuits. The latter is the 
most practical way of obtaining a correct balance, and this is 
done by inserting manually adjusted velocity control fitting in 
the return pipe, indicated at n. This fitting has already been 
illustrated and described in Chapter 10. If the amount of water 
passing through coil D is 700 pounds per hour, then the total 
quantity of water passing along the pipes cd and gh will be 
(800 -{- 700) ^ 1500 pounds per hour. 

Assuming these distances are also 25 feet each and the pipe 
size is 1^ inch, we find from Fig. 234 that the frictional resist¬ 
ance per 100 feet for 1500 pounds per hour is .34 feet. Therefore, 
for 25 feet we have .34 X -26 = .085 feet, or a total of .170 feet 
for both pipes. This gives us 1.367 -f- .170 = 1.537 feet across 
the points c to h. 

Continuing with coil C, which we find requires 800 pounds of 
water per hour, we have a total quantity of water passing through 
the pipes he and hi of 1500 800 ^ 2300 pounds per hour, or 

4.6 gallons per minute. Assuming the distances be and hi are 
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each equal to 40 feet and that we now use inch pipes, we find 
from Fig. 234 that the friction per 100 feet of 1^ inch pipe 
carrying 2,300 pounds per hour is .72 feet, or .72 x — -288 
for each pipe, making an addition of .576 feet for both pipes, or 
a total of 1.537 -j- .576 = 2.113 feet across the points b and i. 

If coil B requires 800 pounds of water per hour, we then have 
a total quantity of water passing the pipes ab = 2300 800 = 

3100 pounds per hour, and assuming the distances ab and ij are 
each equal to 40 feet and we again use lA inch pipes, we find 
from Fig. 234 that with 3,100 pounds per hour, or 6.20 gallons 
per minute, the friction per 100 feet is 1.30 feet, or 1.30 X -4 
= .52 ft. for each pipe, making an extra of 1.04 feet, or a total 
of 2.113 + 1.04 = 3.153 feet across the points a and ;. 

In a similar manner, if coil A requires 950 pounds of water 
per hour, we have a total of 3100 950 = 4,050 pounds of water 

per hour, or 8.13 gallons per minute, passing along pipes Xa and 
yy. Assuming the distance Xa is 60 feet, and the distance jY is 
90 feet, then if we use IV^ inch pipes we find from Fig. 234 we 
have an added frictional resistance of 2.1 x -60 = 1.26 and 
2.1 X *^0 = 1-89, respectively, or an additional head for both 
pipes 1.26 + 1.89 = 3.15 feet, making a total of 3.153 -f- 3.15 
= 6.303 feet frictional head. Since the additional frictional 
resistance for the relatively short distances Xa and jY is 3.15 
feet, it will be more economical to increase the size of these pipes 
to iy 2 inches. Reverting again to Fig. 234 we find the resistances 
for IVz inch pipes will be .93 X *60 = -8^8 and .93 X -90 = .837, 
respectively, or a total of 1.395 feet. This gives us a total resist¬ 
ance for this zone of 3.153 1.395 — 4.548 feet. 

Pump Selection. Assuming that each of the other zones has the 
same total resistance, or less, then to obtain the total frictional 
resistance for the circulator to deal with we simply have to add 
4.548 feet to that absorbed by the boiler, pump, connecting pipes, 
and also any isolated flow control or temperature control valve 
which may be included. 

These resistances may be added separately as shown in Fig. 233, 
but usually the boiler and connections, including a flow control 
valve, will absorb about 12% of the total resistance of the piping, 
and the head absorbed by the weather controlled valve should not 
be more than 25% of that absorbed by the pipes. Consequently, 
we have 4.548 + 12% for boiler, etc., + 25% for automatic 
control valve or 4.548 + .545 + 1.137 = 6.230 feet, total 
resistance of the system. 
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DELIVERY IN GALLONS PER ^ MINUTE 
Fifl. 236. Typical pump capacity chart, shown tc illustrate pump selection example. 
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Assuming we have before us a typical pump capacity chart 
similar to Fig. 236, and that our system calls for a total load 
of 186,000 Btu per hour plus 24,200 Btu loss on the mains, which, 
in this case, will give an additional 2®F drop in temperature, we 
have an equivalent quantity of circulating water of (186,000 
-f 24,200) (15 + 2) = 210,200 17 = 12,360 pounds per 

hour or 25 gallons per minute. We find that this can be dealt with 
by a 2 inch pump which, according to chart. Fig. 236, point A 
will deliver this quantity of water against a total resistance of 
7.7 ft. head. This gives us a margin of (7.7 — 6.230) = 1.470 ft. 
head, a definite advantage since it will enable us to deal with any 
extra frictional losses due to bad workmanship in cutting or 
welding the pipes. 

While it is essential to have at least a 25% or 33-1/3% margin 
on the power of the boiler to meet the heating up load, or other 
emergencies, it is not necessary to add any considerable margin 
to the pump, providing the makers’ ratings can be relied on. 

In installations where we require a mean water temperature 
of 130®F when the conditions outside are at the extreme low, the 
boiler should be capable of maintaining a mean water temperature 
16 to 20®F above this for heating up in the morning and, of 
course, it must be capable of heating up the water from a cold 
condition when starting the system. Therefore, we should add 
at least 25% or 33-1/3% as a margin for our boiler power. 

When considering the pump, however, we find that with a mean 
water temperature of 130®F, and a differential temperature of 
17°F, we require a flow temperature of 138.5®F and a return 
temperature of 121.5®F, and that we should circulate 12,360 
pounds of water per hour to obtain 210,200 Btu per hour. 

If now because of some error in our calculations we discover 
that actually the total frictional resistance on the system is 30% 
more than we calculated, and that the actual resistance is 8.1 feet 
instead of our calculated 6.230 feet, we find from Fig. 236, point 
B, that the pump will only deliver 21 gallons per minute, or 
10,698 pounds of water per hour. Now since this quantity of 
water has still to give up 210,200 Btu per hour, the temperature 
drop across the system will be 210,200 -j- 10,698 ^ 19.65®F. 
Therefore, since we wish to maintain a mean water temperature 
of 130®P, it is necessary to elevate the flow temperature by 
1.325®F and to lower the return temperature by the same amount. 
Consequently, with the pump circulating water at the reduced 
quantity, we simply increase the temperature differential by 
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2.74®F only and operate with a flow water temperature oi 
139.825®F, instead of 138.5®F, and the return will be 120.176®F 
instead of 121.5®F, a change which will not be noticeable. 


Determining Length of Pipe in Coils 

A fairly close approximation of the length of pipe required for 
a coil can be obtained by the formula 

W X H X 12 

L =- 

S 

where L is the length of pipe required for the coil, ft., 
W is-the width of the heated area, ft., 

H is the length of the heated area, ft., 

S is the center to center spacing, inches. 


For example, if the area to be heated is 20 feet X 10 and 
the pipes are on 10 inch centers, the pipe needed is 

20 X 10 X 12 

L =-—-= 240 lineal feet. 

10 


For more accurate determinations, the following formula can be 
used (see also Fig. 237). 


T= I (L + .57S) X “ j + L 

where T is the total length of pipe in coil, inches, 
W is the width of coil in inches, 

L is the length of coil in inches, 

S is the center-to-center spacing in inches. 


For example, assume a heated area as before of 24 ft. X 10 ft., 
with the width W of the coil being 19 ft. 2 in. (230 inches), the 
length L 9 ft. 4 in. (112 inches), and the spacing 5 10 inches. 
Then 


T = | (112 + .67 X 10) X + ”2 


(117.7 X 23) 112 = 2819 inches, or 235 feet 

This compares very closely with the 240 feet obtained by the 
short actual surface area, and indicates that for rough approxi 
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Fig. 237. Symbols for pipe coil used in formula for determining 

length of pipe required. 


mations the length of pipe may be calculated from the heated 
area. 

If the length is required for estimating the amount of pipe to 
be used on the job, a percentage must be added to allow for 
wastage. This, of course, will depend largely on the ability of 
the workmen, but usually it is safe to add about 5% to cover 
waste pipe. 

If the Information is required for calculating the frictional loss 
created by the circulation, then 2.3 feet of pipe should be added - 
for each return bend, and 0.7 feet of pipe for each welded joint, 
as explained under the heading "Determining Frictional Resist* 
ance of Piping.” When calculating the water content of the 
system, use the net length of the pipe in the coil. 

Expansion of Water 

Since it is very important to prevent, if possible, the intro¬ 
duction of any fresh water into a radiant heating system once 
the system is started, care must be taken to provide sufScient 
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storage capacity to take care of the maximum amount of ex¬ 
pansion which will occur at the highest temperature the water 
will reach. 

It is a simple matter to calculate the water content of the 
system by adding together the total length of pipe in each coil, 
as described in the foregoing; then by use of Figs. 238 and 239 
determine the quantities of water held by a foot of each size 
pipe. To these quantities are added the water contents of circuit 
pipes, mains and the contents of the boiler. 

For example, assume that the lengths of various iron size pipes 
in the system are tabulated as in the left of the following table. 
Refer to Fig. 238 showing the water quantities for iron and steel 
pipe (Fig. 239 gives similar data for copper pipe) and find the 
contents given to the left. 

For example, assume these total quantities, including coils, 
circuit pipes, etc., are made up as follows: 


4,200 feet of V 2 inch pipe 
2,600 feet of % inch pipe 
2,080 feet of 1 inch pipe 
460 feet of inch pipe 

260 feet of inch pipe 

80 feet of 2 inch pipe 
Boiler and other equipment 


= 66 gallons of water 
= 70 gallons of water 
= 90 gallons of water 
= 35 gallons of water 
= 29 gallons of water 
=5 14 gallons of water 
= 80 gallons of water 


Total = 384 gallons of water 


For the first item, refer to Fig. 238 which shows for 42 ft. of 
V 2 inch pipe (Curve A) .66 gal.; hence for 4200 feet we enter 
66 gallons; for 26 ft. of % inch pipe (Curve B) we have .7 gal., 
or 70 gal. for 2600 ft., and so on. Boiler contents may be obtained 
from the manufacturer. 

The greatest density and smallest volume of the water is at 
39.1 ®F, since water will expand with any change in temperature 
above or below that temperature. For the greatest expansion, 
take into consideration the possibility of a higher temperature 
needed for heating up periods, so that if in our calculations for 
heat emission we estimate to maintain a mean water temperature 
of 120°F, it is advisable to add 15®F to 20®F as a margin of 
safety. 

The chart in Fig. 240 shows the amount of expansion in per¬ 
cent. For example, assuming a mean water temperature to be 
maintained at 122®F, then, allowing 20®F margin, and referring 
to Fig. 240, we find that at point X for a mean water temperature 
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Fig. 238. Water contents of various lengths of iron or steel pipe. 
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Fig* 239* Water contents of various lengths of copper pipe* 
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of 142’’F, the expansion is 1.6%, and the total expansion for 384 
gallons will be 3.84 x I-® = ^ gallons. Since there should 
be at least 2 gallons of water in the tank at the lowest tempera¬ 
ture, and a marginal space of about 3 or 4 gallons when the heat 
is on full, it is safe to assume a total capacity for the expansion 
tank of 2 -(- 6.14 + 3 = 11.14, say 12 gallon capacity. 

Generally speaking, it is considered good practice to allow for 
a tank capacity double the space required for water expansion. 
If an open tank is provided with no automatic make-up to supply 
the system with water, it is advisable to allow for a somewhat 
larger volume of water in the tank when cold, so that the system 
does not run short of water due to slow evaporation or a slight 
leakage. 

For snow melting systems, the extra expansion due to the anti¬ 
freeze mixture must be taken into consideration. If Prestone is 
used, note that the coefficient of cubical expansion of this liquid 
is 0.000356 compared with an average coefficient of 0.000168 for 
water. This means that we must allow twice as much space for 
the expansion of Prestone as for water. The coefficient of expan¬ 
sion of alcohol used as an anti-freeze depends on its formula, but 
generally varies between 0.00050 and 0.00067. 


Pipe Expansion 

The coefficients of linear expansion for many of the metals 
and other material used in connection with radiant heating are 
given in Table 19, but it is important to remember that these 
expansion coefficients may vary considerably, depending on the 
grade of metal in the former and the ingredients of the con¬ 
structional material in the latter. 

With small pipe coils the expansion problem usually is not 
serious, but it is always advisable to consider it, especially in 
connection with circulating mains on extended installations. It 
has been pointed out in previous chapters that if the pipes are 
very long and too much expansion has to be absorbed in the 
concrete or other rigid material, it is liable to produce hardening 
stresses in the metal and thereby cause it to become brittle. This 
may result in the tubes developing cracks, or undue expansion 
may set up strains where branch connections are embedded in 
the concrete, and if these forces are very severe they may cause 
some connections to shear off where the junctions are welded. 
These troubles may not develop immediately, and since the strains 
are set up only when the heat is either turned on or off, it is 
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Table 19 — Coefficients of Linear Expansion 


Matisial 

Coefficient o? 
Lineas Expansion, 
Inch peb Inch op 
Length fek Deg. F. 

i 

Material 

Coefficient op 
Linear Expansion, 
Inch per Inch op 
Length per Deg. F. 

Aluminum, cast 

.0000128 

Lead 

.0000159 

Atuminum, wrought .0000136 

Marble 

.0000065 

Brass, cast 

.0000104 

Monel 

.0000252 

Brass, bar 

.0000107 

Nickel 

.0000070 

Brickwork 

.0000030 

Plaster, average 

.0000072 

Bronze, average 

.0000102 

Rubber 

.0000384 

Concrete, average .0000079 

Steel, cast 

.OOOOOGl 

Copper, cast 

.0000088 

Steel, tube 

.0000062 

Copper, tube 

.0000098 

Tin 

.0000127 

Glass, average 

.0000046 

Wood, oakt 

.0000027 

Granite 

.0000047 

Wood, oak* 

.0000302 

Iron, cast 

.0000059 

Wood, pinet 

.0000030 

Iron, wrought 

.0000067 

Wood, pine* 

.0000189 


tParallel to fiber. 
*Across fiber. 


somethin? a hydraulic test will not reveal. If such weaknesses 
exist, they may be revealed after a few years. 

It is suggested by some pipe manufacturers that the concrete 
be poured while the system is in operation with the water in the 
pipes circulating at the highest working temperature. While this 
method insures that the pipes are made to expand to the limit 
for ordinary working conditions while the concrete or plaster is 
in a plastic state, it does not effect a real remedy. After the heat 
has been turned off, the pipes will again become cold and similar 
stresses will be set up when the metal contracts. This may also 
cause shearing or hardening during the process of cooling and 
heating as the weather conditions change. 

If for the purpose of forming an actual space between the 
concrete and the pipe, instead of maintaining a constant high 
temperature during the pouring and setting of the concrete, the 
temperature of the water is allowed to change over fairly wide 
limits, then a little more freedom for the pipes to expand will 
be provided, but in doing this the heat transmlBsion will be 
seriously impaired. An air space formed between the pipe and 
the concrete will act as an insulator and interrupt the continuity 
of heat conduction between the pipe and the concrete. Conse- 
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Fig. 241. Expansion of Iron, steel and copper pipe In Inches 
per 100 feet of pipe for various differences in temperature. 


quently, in the interest of getting the greatest efficiency from 
embedded pipes, this practice should not be encouraged. 

Fig. 241 gives the total expansion obtained with metal pipes 
of 100 ft. length when temperature of pipe is varied over a given 
range. The expansion indicated on this chart is based on the 
assumption that the pipes are free to expand, but when pipes are 
embedded in concrete, they are constrained so that internal 
stresses are set up according to the relative expansion of the 
pipe and the surrounding material. 

It is sometimes erroneously stated that if the coefficient of 
expansion of the pipe is equal to that of the surrounding material, 
no relative expansion will exist and no strains will be set up in 
the metal of the pipe. However, if pipes are embedded in a 
concrete floor, for instance, there may at times be a considerable 
difference between the temperature of the pipe and the average 
temperature of the concrete. For instance, the water circulating 
in the pipe coils may be as high as 125°F or 135°F, whereas the 
average temperature of the concrete may be more than 30®F 
lower. 

The average surface of the concrete at its maximum tempera¬ 
ture will in most cases be 86®P only, and the temperature of the 
concrete midway between the pipes will be even less than 85®P, 
so that the average temperature can be assumed to be somewhere 
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betw6Gii 75°F and the temperature of the concrete near the pipes 
which will be about 3®F to 5®F below the temperature of the 
water. This means that with a water temperature of 136°P, 
the average temperature of the concrete may be approximately 
(130 -j- 76) 2 = 102.5°F, making a temperature differential 

of 136 — 102.5 = 32.5. Assuming that a pipe 60 feet long is 
embedded in concrete; then the expansion of this length of pipe 
for a temperature difference of 32.6 (see Fig. 241) equals 0.236 
X 0.6 = 0.141 for steel and 0.36 X 0.6 = .216 for copper pipe. 
At the time of heating up or when operating an on-and-off control, 
the differential expansion will be considerably more. 

Comments on Cost 

The question of initial cost is somewhat problematical at the 
present time while prices of material and wage rates are fluid, 
but it can be safely assumed that any increase in the cost of the 
initial installation above that of an ordinary steam or convector 
system will be paid for in savings in fuel consumption in a few 
heating seasons, provided that the radiant heat system is well 
designed and correctly installed, and that the system has been 
properly balanced and controls provided. Usually a radiant heat 
system complete will cost from 6.6% to 10% of the total net price 
of the building, depending on the type of controls provided and 
the method adopted for firing. 

Another rough approximation may be obtained by allowing 
from 4 cents to 7 cents per cubic foot to be heated, the higher 
figure being assumed for installations where a very complete 
system of controls is provided. Since these figures can only be 
approximate, it is advisable in order to obtain a close comparison 
for estimating purposes to calculate from basic principles and 
obtain a firm bid before making a decision. 

Since savings of 25% to 35% in fuel consumption are not 
uncommon with radiant heat systems, it is economically sound 
to spend more money on the installation and thereby obtain 
considerably more comfort with lower running costs. 


Graphical Determination of Pipe Sizing 
and Spacing (Step 11) 

When the required total output of the heated panel is known 
and the panel construction is decided on, it is possible, as ex- 
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plained in Chapter 13, to calculate the heat loss in the opposite 
direction. That is, for a floor panel, knowing the heat output 
upwards from the floor, and the construction, we can determine 
the amount of heat loss downwards. 

The purpose of the charts, Fig. 242 to Fig. 305, is to determine 
the required pipe size and spacing to produce the total panel 
output and surface temperature. 

Each chart represents a different type of construction, and 
although a number of curves are indicated to cover a wide range 
of temperature differences between the mean temperature of the 
water and the average surface temperature of the radiant panel, 
it is suggested that for best results the mean temperature of the 
water does not go above the recommended temperature given on 
each chart. For instance, chart Fig. 251 has a recommended 
maximum mean water temperature of 115°F, and this tempera¬ 
ture is sufficient to give an adequate average surface temperature 
for the purpose of heating up. For average residential conditions 
a mean water temperature of 5® below the maximum allocated 
will insure good results without creating an excessive surface 
temperature directly above the pipes, and in some cases lower 
water temperatures can be used with excellent results. 

If mean water temperatures in excess of those recommended 
are maintained, it may be possible to space the pipes wider apart 
and use less pipe, but the surface temperature will be very uneven, 
and the surface temperature directly opposite the pipes will in¬ 
variably be too hot for foot comfort. It is sometimes permissible 
to use a slightly higher mean water temperature for coils em¬ 
bedded in floors of factories, warehouses, or other similar build¬ 
ings where unevenness of surface temperature and hot spots will 
not create discomfort or give rise to complaints. 

These charts are all based on experimental data such as that 
shown in Fig. 241-A for ceilings and in Fig. 139 for floors. 

Use of the charts is best illustrated by an example: 

Example: A floor-heated panel is desired with pipes laid on top 
of broken stone and covered with 2" of concrete, and a floor 
surface temperature of 85®F with a heat emission of 38 Btu 
per square foot per hour has been determined. The heat loss 
downwards has been established at 6%, and the loss by con¬ 
duction from the floor to side walls is, in this case, assumed to be 
negligible. What pipe size and spacing should be used? 

Solution : The total heat emission will be (H — h) or 38 -f- 5% 
= 38 -j- 1.9 = 39.9 Btu per square foot per hour. For the con- 
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A 7 e 9 <0 il 

B.T.y. PER SQ.FT. OF 1/2** PIPE PER DEG. OIFF. BETWEEN THE WATER 
TEMR AND THE SURFACE OF THE CEILING. PIPES ENTIRELY COVER¬ 
ED WITH PLASTER AT BACK AT LEAST 3/4" THICK. 


Fig. 241-A. Heat emission per unit temperature difference of V 2 inch 
pipe in plastered ceilings. Similar data for floors are shown in Fig. 139. 


struction indicated, Fig. 251 i.s used. Assume a water temperature 
which, for a floor surface temperature of 85®F, should not be 
higher than the maximum temperature given on the correspond¬ 
ing chart, and determine the difference in temperature between 
the water in the coils and the floor surface. If the water tempera¬ 
ture is to be 105®F (as indicated in the first problem in Chap¬ 
ter 13), then the temperature difference is: 105°F — 85®F = 
20®F. On the chart, Fig. 251, locate 39.9 at A on the bottom 
scale and move vertically upward to the curve labeled ‘‘20°F Diff.” 
From this intersection B, move horizontally to the extreme left 
scale, intersection C. From C move upward to the right, parallel 
to the diagonal lines, and continue until the intersection with the 
desired pipe size as at F or D; then move horizontally to the left 
scale and find the spacing. 

In this example any of the following alternatives are found: 
inch pipe on 8 inch spacings (G), 1 inch copper pipe on 8V^ 
inch centers, 1 inch iron or 1^/4 inch copper pipe on 10 inch 
spacing, 1*/^ inch copper pipe on an IIV 2 inch center, etc. 

If we assume a mean water temperature of 115®F (the maxi¬ 
mum recommended water temperature listed for the type of floor 
construction in Fig. 251), we then have a temperature difference 
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of 115 — 85 = 30®F, and from Fig. 251 we find it possible to 
use % inch iron pipe on 12 inch centers and 1 inch copper pipe 
on 12 y 2 inch centers, etc. 

The results of this higher water temperature, however, will be 
a series of high and low temperature bands over the floor surface 
which, for a residence, will prove to be very unsatisfactory to 
the occupants. 


Index to Coil Dimensioning Charts^ Figs. 242 to 305 


Page No. 

Bare concrete floor, pipes in concrete. 396 to 402 

Bare concrete floor, pipes in stone... —.403 to 409 

Bare concrete floor, pipes on wood strips in stone..410 to 414 

Bare concrete floor, pipes in sand. _416 to 417 

Linoleum on concrete floor. 418 to 421 

Asphalt tiles on concrete floor. ,422 to 425 

Carpeting on concrete floor. 426 to 429 

Asphalt on concrete floor... 43 O to 434 

Wood blocks on concrete floor.. 436 

Wood floor on sand and concrete. 436 to 438 

Bare wood floor, pipes in air space below..... 439 to 442 

Carpeting on wood floor, pipes in air space below_443 to 449 

Plaster covered concrete ceiling_460 to 451 

Sound proofed concrete ceiling_ 452 

Lath and plaster ceiling_ 463 to 457 

Wood ceiling, pipes in sand_ 468 
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COIL DIMENSIONING CHARTS 


896 


Fig. 242 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
1 inch below surface. Maximum recommended mean tem¬ 
perature of circulating water 100®. 




396 


COIL DIMENSIONING CHARTS 


Fig. 243 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
1 y 2 inches beiow surface. Maximum recommended mean 
temperature of circulating water 100°. 
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Fig. 244 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
2 inches below surface. Maximum recommended mean 
temperature of circulating water 105®. 


m 

mmummimm 


Of 

✓ <j/ 


CiVr/^ 


*9 


ii^ll 




'laiiRBa 




MCAT CMIS^ON UPWARDSiH 

t t ^ » t ~ 

I Ci^NCprrr I i 


Bki pBflnBnsaH/iiBiriHHB 
■I BBIiaBRillKf/JBBBBB. 

iBiWiBBBBriBBUDBBBBMBBI 

Blli?iBBa 

BilllBfl_ 

BIRSilBBMKB/ilBBKBBB 


_ lY 


t I i « 
Vet. LOSS or HCAT 
DOWNWARO^S k 


mmm 


9r4\ 




IBiinBariBBi 

naBR?jiar/i__ 

IBBB^/BBBBB 
BrJBRTi^BBBL 
BBBBFiBBBBBBI 

BilBBflr/BBB 

IliaViRr/^BBB. 

....bbbbbbbbi 

iHiavr/iB 


>4 10 22 20 30 S4 SO 42 40 50 64 SO 02 00 70 

•TOTAL B.T.U. EMISSIONS H + 





PIPE SPACING IN INCHES 


398 


COIL DIMENSIONING CHARTS 


Fig. 245 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
2 V 2 inches below surface. Maximum recommended mean 
temperature of circulating water 105®. 
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Fig. 246 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
3 inches below surface. Maximum recommended mean 
temperature of circulating water 110®. 
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COIL DIMENSIONING CHARTS 


Fig. 247 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
4 inches below surface. Maximum recommended mean 
temperature of circulating water 110°. 
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Fig. 248 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
5 inches below surface. Maximum recommended mean 
temperature of circulating water 115®. 
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COIL DIMENSIONING CHARTS 


Fig. 249 

BARE CONCRETE FLOOR: Pipes embedded in concrete 
6 inches below surface. Maximum recommended mean 
temperature of circulating water 120®. 
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Fig. 250 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
1 Va inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 110°. 
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COIL DIMENSIONING CHARTS 


Fig. 251 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
2 inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 115®. 
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Fig. 252 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
21/2 inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 120®, 
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COIL DIMENSIONING CHARTS 


Fig. 253 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
3 inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 125®. 
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Fig. 254 

CONCRETE FLOOR ON STONE: Layer of concrete 
31/2 inches thick above pipes embedded In stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 130®. 
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Fig. 255 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
4 inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 135®. 
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Fig. 256 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
5 inches thick above pipes embedded in stone but close 
to underside of concrete. Maximum recommended mean 
temperature of circulating water 140°. 










COIL DIMENSIONING CHARTS 


Fig. 257 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
IVa inches thick above pipes laid on hardwood strips and 
embedded in stone close to underside of concrete. Maximum 
recommended mean temperature of circulating water 106*^. 
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Fig. 258 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
2 inches thick above pipes laid on hardwood strips and 
embedded In stone close to underside of concrete. Maximum 
recommended mean temperature of circulating water 105®. 
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Fig. 259 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
^ above pipes laid on hardwood strips and 

embedded m stone close to underside of concrete. Maximum 
recommended mean temperature of circulating water 110®. 



36 42 


54 56 62 66 TO 


3 





PI PC SPACING fN rNCHCS 


COIL DIMENSIONING CHARTS 


418 


Fig. 260 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
3 inches thick above pipes laid on hardwood strips and 
embedded in stone close to underside of concrete. Maximum 
recommended mean temperature of circulating water 116®. 
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Fig. 261 

BARE CONCRETE FLOOR ON STONE: Layer of concrete 
4 *nches thick above pipes laid on hardwood strips and 
embedded m stone close to underside of concrete. Maximum 
recommended mean temperature of circulating water 120®. 
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Fig. 262 

BARE CONCRETE FLOOR ON SAND; Pipes embedded in 
sand, 2 inches of concrete on top. Maximum recommended 
mean temperature of circulating water 110®, 
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Fig. 263 

BARE CONCRETE FLOOR ON SAND: Pipes embedded in 
sand, 3 inches of concrete on top. Maximum recommended 
mean temperature of circulating water 115°. 
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Fig. 264 

BARE CONCRETE FLOOR ON SAND: Pipes embedded in 
sand, 4 inOhes of concrete on top. IVIaximum recommended 
mean temperature of circulating water 125°. 
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Fig. 265 

LINOLEUM ON CONCRETE FLOOR: Pipes embedded in 

concrete. 1 inch below surface. Linoleum applied with binder 

cement. Maximum recommended mean^ temperature of 
Circulating water 100°. ^ «i 
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Fig. 266 

LINOLEUM ON CONCRETE FLOOR: Pipes embedded in 
concrete, 2 inches below surface. Linoleum applied with 
binder cement. Maximum recommended mean temperature 
of circulating water 105®. 
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Fig. 267 

LINOLEUM pN CONCRETE FLOOR: Pipes embedded in 
concrete, 3 inches below surface. Linoleum applied with 

of ci%u?aUnrwat?l"?o" temperature 
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Fig. 268 

LINOLEUM ON CONCRETE FLOOR: Pipes embedded in 
concrete, 4 inches below surface. Linoleum applied with 
binder cement. Maximum recommended mean temperature 
of circulating water 116°. 
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Fig. 269 

ASPHALT tiles ON CONCRETE FLOOR: Pipes embedded 
in concrete 1 inch below concrete surface. Tiles 3/16 Inch 
applied with cement binder and paper felt. Maximum recom- 
mended mean temperature of circulating water 100®, 
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Fig. 270 

ASPHALT TILES ON CONCRETE FLOOR: Pipes embedded 
in concrete 2 inches below concrete surface. Tiles 3/16 Inch 
applied with cement binder and paper felt. Maximum recom¬ 
mended mean temperature of circulating water 105®. 
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Fig. 271 

ASPHALT TILES ON CONCRETE FLOOR: Pipes embedded 
m concrete 3 inches below concrete surface. Tiles 3/16 inch 
applied with cement binder and paper felt. Maximum recom¬ 
mended mean temperature of circulating water 110®. 
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Fig. 272 

ASPHALT TILES ON CONCRETE FLOOR: Pipes embedded 
in concrete 4 inches below concrete surface. Tiles 3/16 inch 
applied with cement binder and paper felt. IVIaximum recom- 
mended mean temperature of circulating water 115®. 
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Fig. 273 

CARPETING ON CONCRETE FLOOR; Pipes embedded in 
concrete 1 inch below concrete surface. Felt pad under 
broadloom carpeting. Maximum recommended rriean tem¬ 
perature of circulating water 140®. 


liluai'fin 









. aki& 

ntB._ 

nR.WRr€n»iKBli 

■<si'iKai!ii;werriin7^i 

ni^ringvai^r/iiiSS 

■.'B«Kir^9K«eaE 

‘■BiaKaKKiKisia"’ 
SgiKmimfmM 
■l»flRa99i;4ll£ 

SSSSW‘9-»fMm 

MMmWS&Wi 

mmnwism 

wmmmfmm 

PAmmmfr 


14 le 22 26 30 34 38 42 46 50 54 

TOTAL B.T.U. EMISSION^ HfKf'll* 


I^BBiSaBlSVH 








PlPC SPACING IN INCHES 


COIL DIMENSIONING CHARTS 


427 


Fig. 274 

CARPETING ON CONCRETE FLOOR: Pipes embedded in 
concrete 2 inches below concrete surface. Felt pad under 
broadloom carpeting. Maximum recommended mean 
temperature of circulating water 145®. 





PIPE SPACING IN INCHES 


428 


COIL DIMENSIONING CHARTS 


Fig. 275 

CARPETING ON CONCRETE FLOOR: Pipes embedded in 
concrete 3 inches below concrete surface.^ Ferpad unde" 
broadloom carpeting. Maximum recommended mean 
temperature of circulating water 150°. 
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Fig. 276 

CARPETING ON CONCRETE FLOOR: Pipes embedded in 
concrete 4 inches below concrete surface. Felt pad under 
broadloom carpeting. Maximum recommended mean 
temperature of circulating water 150®. 
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Fig. 277 

ASPHALT ON CONCRETE FLOOR: Pipes embedded in 
concrete 2 inches below concrete surface. Asphalt layer 1 Vo 
inches thick. Maximum recommended mean temperature of 
circulating water 110°. ^ 



le aa ae so sa se 4a 46 so 54 se ea 66 to 

TOTAL B.TO. EMISStONoH-f K4> h5 



PIPC SPACING IN INCHES 


COIL DIMENSIONING CHARTS 


431 


Fig. 278 

ASPHALT ON CONCRETE FLOOR: Pipes embedded in 
concrete 3 inches below concrete surface. Asphalt layer 1 Va 
inches thick. Maximum recommended mean temperature of 
circulating water 110°. 
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Fig. 279 

ASPHALT ON CONCRETE FLOOR: Pipes embedded in 
concrete 4 inches below concrete surface. Asphalt layer 
inches thick. Maximum recommended mean temperature of 
circulating water 115°. 
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Fig. 280 

ASPHALT ON CONCRETE FLOOR: Pipes embedded in 
concrete 3 inches below concrete surface. Asphalt layer 2 
Inches thick. Maximum recommended mean temperature of 
circulating water 115®. 
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Fig. 281 

ASPHALT ON CONCRETE FLOOR: Pipes embedded in 
concrete 4 inches below concrete surface. Asphalt layer 2 
inches thick. Maximum recommended mean temperature of 
circulating water 120° 
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Fig. 282 

WOOD BLOCKS ON CONCRETE FLOOR: Pipes embedded 
in concrete with 1 inch wood blocks cemented to concrete 
surface and with 2 inches of concrete above pipes. IVIaxImum 
recommended mean temperature of circulating water 140®. 
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Fig. 283 

WOOD FLOOR ON SAND AND CONCRETE: Pipes embedded 
in concrete 2 inches below concrete surface, with 3 / 

*°P- Maximum reoom- 

mended mean temperature of circulating water 140®. 
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Fig. 284 

WOOD FLOOR ON SAND AND CONCRETE: Pipeseirtbodded 
in concrete 3 Inches below concrete surface, with % inch 
sand fill and 1 inch wood floor on top. Maximum recom¬ 
mended mean temperature of circulating water 145°. 
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Fig. 285 

WOOD FLOOR ON SAND AND CONCRETE: Pipesembedded 
in concrete 4 inches below concrete surface, with % inch 
sand fill and 1 inch wood floor on top. Maximum recom- 
mended mean temperature of circulating water 150®. 
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Fig. 286 

BARE SINGLE WOOD FLOOR: Pipes in air space below, 
5% loss downwards. Maximum recommended mean tem¬ 
perature of circulating water 165®. 
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Fig. 287 

BARE SINGLE WOOD FLOOR: Pipes in air space below, 
10% loss downwards. Maximum recommended mean tem¬ 
perature of circulating water 165°. 
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Fig. 288 

DOUBLE WOOD FLOOR: Pipes in air space below, 
5 ^ loss downwards. Maximum racommended mean tem¬ 
perature of circulating water 175'^ 
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Fig. 289 

WOOD FLOOR: Pipes in air space below, 
10*^0 loss downwards. Maximum recommended mean tem¬ 
perature of circulating water 175®. 
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Fig. 290 

CARPETING ON SINGLE WOOD FLOOR: Broadloom car¬ 
peting, single floor, pipes in air space below, 5% loss 
downwards. Maximum recommended mean temperature of 
circulating water 180°. 
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Fig. 291 

CARPETING ON SINGLE WOOD FLOOR: Broadloom car¬ 
peting, single floor, pipes in air space below, 10% loss down¬ 
wards, Maximum recommended mean temperature of cir¬ 
culating water 180®. 
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Fig. 292 

SINGLE WOOD FLOOR; Axminster or 
Wilton carpeting, single floor, pipes in air space below, 5% 
loss downwards. Maximum recommended mean temperature 
of circulating water 180°. 
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Fig. 293 

CARPETING ON SINGLE WOOD FLOOR: Axminster or 
Wilton carpeting, single floor, pipes In air space below, 10% 
loss downwards. Maximum recommended mean temperature 
of circulating: water 180°. 
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Fig. 294 

CARPET AND FELT PAD ON SINGLE WOOD FLOOR: 
Broadloom carpeting and felt pad, single floor, pipes in air 
space below, 10% loss downwards. Maximum recommended 
mean temperature of circulating water 185°. 
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Fig. 295 

CARPET AND FELT PAD ON SINGLE WOOD FLOOR: 
Axminster or Wilton carpeting and felt pad, single floor, 
pipes in air space below, 10% loss downwards. Maximum 
recommended mean temperature of circulating water ISO**. 
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Fig. 296 

CARPET AND FELT PAD ON SINGLE WOOD FLOOR: 
Heavy Oriental rug and felt pad, single floor, pipes in air 
space below, 10% loss downwards. Maximum recommended 
mean temperature of circulating water 190®. 
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Fig. 297 

PLASTER COVERED CONCRETE CEILING: Pipes em¬ 
bedded in concrete with s/g inch of plaster. Maximum 
recommended mean temperature of circulating water 130°. 
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Fig. 298 

PLASTER COVERED CONCRETE CEILING: Pipes em¬ 
bedded in concrete with % inch of plaster. Maximum 
recommended mean temperature of circulating water 130®. 
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Fig. 299 

SOUND-PROOFED CONCRETE CEILING: Pipes embedded 
in concrete with sound-proofing below. Maximum recom¬ 
mended mean temperature of circulating water 130®. 
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Fig. 300 

WOOD LATH AND PLASTER CEILING: Plaster % inch 
thick, with pipes well covered with plaster back of wood lath. 
Maximum recommended mean temperature of circulating 
water 130®. 
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Fig. 301 

WOOD LATH AND PLASTER CEILING: Plaster % inch 
thick, with pipes well covered with plaster back of wood lath. 
Maximum recommended mean temperature of circulatine 
water 130^ ® 
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Fig, 302 

METAL LATH AND PLASTER CEILING; Plaster % inch 
thick, with pipes well covered with plaster back of metal lath. 
Maximum recommended mean temperature of circulating 
water 130®. 
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Fig. 303 

plaster CEILING: Plaster % inch 
thick, with pipes well covered with plaster back of metal lath 

Maximum recommended mean temperature of circulating 
water 130®. vwioung 
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Fig. 304 

ROCKLATH AND PLASTER CEILING: Plaster % inch thick 
with pipes well covered with plaster back of Vz inch rocklath. 

IVIaximum recommended mean temperature of circulatlno- 
water 135®. ^ 
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Fig. 305 

PRESSED WOOD CEILING. PIPES IN SAND: Pipes em¬ 
bedded in sand with masonite or pressed wood ceiling. 
Maximum recommended mean temperature of circulating 
water 135°. 
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Double wood fioors, pipes in air space, sample calculations for 262 
Draperies, effect of. 56 
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Driveways, snow melting for. 342 

Dry air, effect on comfort. 28 

Effective temperature .31, 36 

Effective temperature thermostat . 170 

Effect of asphalt tile. 236 

of carpeting . 253 

of depth of bury. 216 

of dry air on comfort. 28 

of humidity on comfort. 27 

of radiant heat on body. 25 

of surface conditions on heat transfer. 11 

Electrically-heated panels . 137 

Electrically-heated tapestry . 138 

Electric arc wave lengths. 14 

Electric conductors in plaster. 184 

Electric conductors, radiant heating with. 124 

Electricity for snow melting. 346 

Elimination of air . 139 

Emiasivities of various materials. 47 

of various paints and surfaces. 45 

Emissivity, effect of on radiation. 40 

of skin . 74 

Energy emitted by heated metal. 14 

Equivalent temperature . 29 

Eupatheoscope . 30 

limitations of . 36 

Evaporation, heat emission of body by. 24 

Exercise, effect of on body heat emission. 23 

Expansion and contraction in ceiling. 87 

coefficients of linear . 389 

of pipe, chart of. 390 

of water . 384 

Fabrication of coils. 270 

Fire clay panels, electric. 137 

Flat roofs, heat transmission coefficients for. 359 

Floor coils, radiant cooling. 286 

constructions, typical . 96 

ducts, concrete . 195 

heating, principles of. 75 

installations, typical . 100 

for Panelite system. 11® 
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INDEX 


Floor panels, radiant heating: with. 

panels, sample calculations for. 

Floors, carpeting, data on heat output and input of 

concrete, sample calculations for. 

warm air radiant heating in. 

Flow adjuster ... 

Plow adjusting . 

Foot path application for snow melting. 

Form for calculating heat requirements. 

Friction in piping. 

loss of steel or wrought iron pipe. 

in copper pipe. 

Frictional loss of pipe fittings. 

Fusion, latent heat of. 


Paqs 

. 95 

209, 213 

. 253 

. 228 

103, 104 

. 152 

. 139 

. 321 

. 194 

. 372 

. 376 

. 377 

. 378 

. 1 


Garages, radiant heating for. 

Gas flame wave lengths. 

Gauge pressure, definition of. 

Glass, absorption by radiation of. 

passage of radiant rays through 

Globe thermometer . 

principles of. 

use of . 

Grid vs. continuous coils. 


. 123 
. 14 
. 4 
. 16 
. 41 
. 32 
. 173 
. 172 
. 221 


Haden & Son, G. N. 

Heat absorbed by cooling panels. 

absorption by cooling coils. 

absorption of air by radiation. 

by radiation with radiant heating. 

by radiation from radiators. 

definition of . 

Heat emission, by convection, chart for.... 

by radiation, chart of. 

by radiation and convection, chart of 

from floor panel to room. 

of body, effect of exercise on. 

of concrete floors . 

of human body . 

of pipe in plastered ceilings. 

of pipes for snow melting. 

with various pipe spacing. 

Heat gains in summer. 


. 8 

. 278 

. 277 

. 16 

. 21 

. 21 

. 1 

198. 352 
196, 351 
202, 353 

. 226 

. 23 

. 222 

. 23 

. 393 

. 328 

. 224 

.. 276 
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Heating, development of . g 

Heat input to floor panels... 225 

of panels, determining . 210 

Heat loss calculations, summary of information on. 350 

Heat losses, calculation of. 

Heat output and input of ceilings. . 263 

Heat output and input, wood floors. . 243 

Heat required for filtration air. 1 ."!..!!!!!!...!...!!!!!!.". 370 

Heat transmitted to adjacent rooms. 249 

Heat transmission coefficients for concrete floors and ceilings 358 

for concrete walls . 

correction factors for. 354 

for flat roofs .^. 359 

for masonry walls . 35g 

for pitched roofs .’ ^ 353 

for plywood construction . 301 

for windows and doors. 359 

for wood frame walls, floors and ceilings. 357 

Heat transmission of ferrous pipe in air spaces. 248 

of pipes in air spaces. 98 

through walls . 35O 

Highest temperature for panels. 190 

High temperature panels, electric. 137 

High temperature radiation .14^ 15 

Hospital, radiant heating for. 115 

radiant heating in . 84 

radiant heating of.102, 103 

radiant heated . 78 

snow melting for open air. 345 

Hot water boilers, controls for. 181 

Hot water heating, introduction of. 9 

Human body, effect of radiant heating on. 25 

Humidifying equipment for winter use. 313 

Humidity, definition of . 3 

effect of on comfort. 27 

effect of on heat absorption of air. 16 

Hypocauet system . 6 

Indirect radiator, definition of. 6 

Industrial Health Research Board. 29 

Infiltration, calculation of. 370 

Infra-red region of spectrum. 15 

Insulating materials, conductivities of. 366 
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INDEX 


Insulation, importance of . 

Internal surface constants, table of 

Kata thermometer. 


Paox 

74 

B7 

38 


Latent heat, definition of. 

Length of pipe in coils, determining 

Light rays, pressure exerted by. 

Linear expansion, coefficients of. 

Lithium chloride equipment . 

Liverpool Cathedral . 

Location of panels. 


I • • • 1 

... 382 
... 18 
... 389 
... 319 
8, 100 
... 190 


Mains, air venting of. 

Manual air vents . 

Masonry walls, heat transmission coefficients for. 

Maximum circulating water temperature. 

Maximum temperatures of ceiling. 

Mean radiant temperature. 

calculations of surface temperatures for determining 

comparisons of methods for determining. 

determining ... 

for calculations . 

selection of . 

Measurement of comfort. 

Medical Research Council. 

Mental institutions, metal panels for. 

Metabolism. 

effect of age on. 

Metal lath and plaster ceiling, sample calculations for. 

Metal panels, advantages of. 

made from pipe. 

Methods of radiant heating. 

Moisture in warm air ducts. 

MRT and air temperature, relation of. 

Multiple building, radiant heating in. 


148 

149 
356 

76 

88 

31 

67 
60 

68 
40 

187 

29 

29 

133 

21 

22 

266 

131 

128 

76 

104 

282 

79 


Office, radiant heating in. 107 

Oil burner, control for. 178 

On and off systems. 167 

variations in air temperature with. 169 

Open hot water system. 164 

Operative temperature . 37 

control for . 176 
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Ordering radiant cooling coils. 297 

Outside air temperature control, use of. 162 

design temperatures . 362 

thermostat, applications of . 168 

thermostat, discussion of. 167 

thermostat for automatic heating. 178 

Paints and colors, effect of on radiation. 45 

Panelite system . 85 

floor for . 116 

Panels, areas of. 187 

copper . 130 

curved . 132 

electrically heated . 137 

location of. 190 

metal, radiant heating with. 124 

sizing of . 192 

surface temperatures of. 187 

temperature of. 190 

Panel location . 66 

pipe size, determining. 216 

temperatures . 190 

Performance, continuous coils. 221 

Pipe bending . 270 

Pipe coils, for snow melting. 321 

in air spaces . 98 

in walls . 124 

length of pipe in. 382 

with metal panels. 128 

Pipe, expansion of. 388 

Pipe fittings, frictional loss of. 378 

Pipe, heat transmission of in air spaces. 248 

radiant heating with . 76 

Pipe sizing and spacing. 392 

charts for .396-468 

Pipe spacing, determining . 216 

explanation of . 392 

Pipes embedded in sand. 300 

for coils, range of. 76 

in air spaces in floor. 243 

in concrete-plaster ceiling, sample calculations for. 266 

laid in concrete floors. 36 
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INDEX 
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Piping details around boiler. 

Plaster ceiling, repairs on.. 

heat emission of. 

Plaster, electric conductors in. 

selection and preparation of. 

Plywood construction, heat transmission 

Prefabricated coils . 

Pressure exerted by light rays. 

Prestone, use of in snow melting systems 

Pump capacity chart, typical. 

Pump selection. 

Pumps, zone control for. 

Radiant cooling . 

coils, ordering of ... 

controls for. 

sample calculations for. 

Radiant heat, effect of on body. 

comments on cost of.. 

controls for. 

definition of . 

electrical . 

introduction of ... 

hospitals . 

various methods . 

with floor panels . 

with metal panels . 

with pipe . 

with steam . 

with vapor . 

with warm air. 

Radiant vs. convected heat. 

Radiation and convection, heat emission by. 

heat emission of body by. 

Radiation, basic formula for. 

black body, table of. 

definition of . 

effect of emissivity on. 

heat emission by. 

heat emission by, chart for. 

Radiator, direct, definition of. 

indirect, definition of. 

Radiometer . 


Paox 

. 109 

. 86 

. 393 

. 134 

. 83 

coefficients for. 361 

. 92 

. 18 

. 388 

. 380 

. 379 

. 183 

. 272 

. 297 

. 306 

. 278 

. 25 

. 391 

. 167 

. 10 

. 124 

. 9 

. 102, 103 

. 75 

. 96 

. 124 

. 76 

. 98 

. 98 

. 99 

. 72 

. 202 

. 24 

.19 

. 49 

.. 2 

. 40 

. 196 

. 361 

. 4 

. 5 

. 17 
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Rayrads. J25 

method of connecting. 128 

Recirculating heater . 5 

Reflection of surface. 17 

Relative humidity, definition of. 3 

required for comfort . 27 

Resistance of piping. 372 

Respiration, heat emission of body by. 25 

Roman baths . 7 

Roman hypocaust system . 6 

Roman methods of heating. 6 

Roofs, heat transmission coefficients for. 358 

Room comfortstat . 33 

conditions, selecting . 187 

Sample calculations, concrete floor with asphalt. 232 

for carpeted floor with felt base. 258 

for carpet on wood floor. 257 

for concrete, asphalt, tile and felt floor.. 238 

for concrete flooring, pipes and stone. 240 

for concrete floor, pipes and stone with insulation. 241 

for concrete pipe and asphalt floor. 234 

for double wood floors, pipes in air spaces. 252 

for metal lath and plaster ceiling. 266 

for pipes in concrete-plaster ceiling. 265 

for radiant cooling . 278 

for surface temperatures, concrete and asphalt tile and 

felt . 238 

for warm air ducts under concrete-wood floors. 259 

for wood floor, pipes in air space. 246 

Sand, pipes embedded in . 300 

Screwed joints . 77 

Selection of air temperature. 187 

of mean radiant temperatures. 187 

of pumps. 379 

Short form for calculations. 207 

Silica gel system . 314 

Sinuous vs. continuous coils. 82 

Sizing panels . 192 

Snow melting, by embedded pipes. 321 

construction details for . 336 

controls for... 323 

control under driveway. 324 
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bnow melting, electricity for. 846 

for driveways. 342 

for open air hospital. 345 

for stadia . 345 

heat emission of pipe coils for. 328 

installation, test data from. 327 

layout for steps . 344 

system for airport . 333 

time lag in installation for. 336 

working data for . 329 

Snow, variation in weight of. 339 

Solarium, radiant heating for. 116 

Sound and color wave lengths, analogy of. 12 

and light analogies . I 3 

Spacing of pipes, determining. 216 

Specific heat, definition of. 1 

Spectrum. 13 

Squeaking from pipe coils. 16 i 

Stadia, snow melting for.. 345 

Steam, as heating medium. gg 

heating, introduction of . ^ 

Steel pipe, for radiant heating. 120 

friction in . 37 g 

water contents of . 3 g 5 

Stefan-Boltzmann law . 19 

Step-by-step procedure for design. 348 

Steps, snow melting layout for. 344 

Stoker, control for . 178 

Stone, details of concrete floor on . 109 

Stone, Sir John . 9 

St. Paul's Cathedral . lOi 

Stresses in pipe coils . 161 

Summary of procedure, radiant heating design . 348 

Summer heat gains . 276 

Sun energy wave lengths . 14 

Sunlight, pressure of . 18 

Sun porches, floor heating for . 98 

Surface absorption . 17 

conditions, effect of on heat transfer. 11 

constants, table of . 57 

reflection . 17 
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Surface temperatures^ body and clothing.32, 33 

calculation of . 57 

carpeted floor and bare floor . 256 

concrete and asphalt tile and felt, sample calculations for 238 

concrete and asphalt tiles . 237 

electrically heated ceiling . I 35 

for 30®P outside . 50 

of body . 71 72 

of glass . 47 

of outside walls . 48 

of panels . 187 

of walls, eifect of outside temperature on . 54 

time lag of . 220 

with cold water circulating . 276 

Surging tank . 147 

Tapestry, electrically heated . 138 

Temperature control in radiant heating . 184 

Temperature distribution, in cathedral . 100 

with convection . 52 

with radiant heating . 65 

with wall heating . 68 

Temperature, effective . 31 

equivalent . 29 

variation of with on and off control . 159 

Test data from snow melting installation . 327 

Testing body and clothing temperatures. 83 

Thermodynamics, first law of . 10 

Thermometer, globe . 32 , 33 

inability of, to indicate comfort . 26 

Thermometric scale conversion . 4 

Tile, effect of asphalt . 236 

Time control . 178 

Time lag, in snow melting installation . 336 

of surface temperatures . 220 

Time studies, various cooling powers . 73 

Total heat emission, chart for . 353 

Transmission of pipes in air spaces . 98 

Typical ceiling installations . 85 

floor constructions . 96 

floor installations . 100 

U values, correction factors for . 364 

reduction in for cooling. 283 
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